(19) 



(12) 



(43) Date of publication: 

29.12.1997 Bulletin 1997/52 

(21 ) Application number: 97109603.7 

(22) Date of filing: 12.06.1997 



Europftlsches Patentamt 
European Patent Office 
Office europ*en des brevets (11) EP 0 81 4 594 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 6 : H04N 1/028 



(84) Designated Contracting States: 

AT BECH DE DK ES FI FRGB GR IE IT LI LU MC 
NLPTSE 

(30) Priority: 18.06.1996 JP 155910/96 
18.06.1996 JP 155912/96 

(71) Applicant: 

FUJI PHOTO FILM CO., LTD. 
Kanagawa-ken (JP) 

(72) Inventors: 

• Ogura, Nobuhtko, 
c/o Fuji Photo Rim Co. Ltd, 
Ashlgara-Kami-Gun, Kanagawa-Ken (JP) 



• Tsuchlya, Tohru, 

c/o Fuji Photo Film CoXtd. 

Ashlgara- Kami-Gun, Kanagawa-Ken (JP) 

• lkaml, Selshl, 

c/o Fuji Photo RlmCoXtd. 
Ashigara-Kaml-Gun, Kanagawa-ken (JP) 

• Akimoto, Taizo, 

c/o Fuji Photo Film Co.Ltd 
AsWgara-Kami-Gun, Kanagawa-Ken (JP) 

(74) Representative: 

Klunker * Schmltt-Nifson . Hirsch 

Wlnzererstrasse106 

80797 MQnchen(DE) 




(54) Image reading apparatus 

(57) An image reading apparatus Includes a first 
laser stimulating ray source tor emitting a laser beam 
having a wavelength of 633 nm or 635 nm, a second 
laser stimulating ray source for emitting a laser beam 
having a wavelength of 470 to 480 nm, a laser beam 
scanning device for scanning the laser beam, at least 
one light detector for photoelectrical^ detecting light 
released from an image carrier carrying an image, and 
at (east one filter member disposed in front of the light 
detector and having a plurality of filters for transmitting 
light of different wavelengths. The thus constituted 
image reading apparatus can be used for a radiation 
diagnosis system, an autoradiographic system, an elec- 
tron microscope detecting system and a radiation dif- 
fraction image detecting system using a stimulate 
phosphor and a fluorescence detecting system and an 
image can be read with high sensitivity. 
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DESCRIPTION OF THE PRIOR ART 

release a «S£2er5!^T T? " * radlation ^ irradiated therewith and 
an ^ectr^a^Z^^^^^^^ °' ^ radiato " MP" b*0 Stated with 

sheet, seaming the stimulable phoShw^eVwSh an I^Z™^!- y °" a «imulable phosphor 

electrically detecting the s^la^XreSs^d frS SS^ 0 ^ ,he 
effeding IrnagepZssing on ZiSSZ £££££ Ind^Sf ° ^ di " ital ima °« 
as a CRT or the like or a otoaaalfc f»m f£w!£!? . ref * oduc,n O an 1,71809 0,1 <«sptayinfl means such 
55-1 ,6340. 55-163472 EfittS^SSf' ^ ^ ° Pi " a 5 ' 1242 * 

as al^^rSn^ 
oraanismora rv»n . w louKwcweiy iaoeiea suDstance into an organism, us na the 

with an electromagnetic wave to excite the strrwIflhT^hnr^J^' ' ° 6 6bmulab,e Phosphor layer 
released from the stimulable tit^«l^^^Tt ' P ? 0loelectr,cal,y detectin 0 *e stimulated emission 

tel image signals ar^r^S^^Sf ! „^ 5,gnalS - effectlne iTO 9« Processing on the obtained dig- 
for ^^^e^p^^^^T 3 , means such as a CRT or the like or a photograph* film 
PubncS, NoT 3 £ aiTenlS ^ ^ PubHcafo " N ° 1-W Japanese Pa\ent 

syste^^Se^oT^ST 6yStem «» a graphic diffraction image detecting 

release a rf^.i^IZl— ^ an etectr ° n beam or radiation upon being irradiated therewith and 

S^M^^S^T T M iS u pfOP ° rti0nal tothat0, » e "*2d*ci£ beam or ra^S ^n 

oJJ^SS ^ e^'ti^T™ ^ ° ''^^ 38 8 ^^stance instead of a radi- 

C5'.12 -^r^S"- ^""Bto^system. it is possible to study a 
stance infroduced Mo a^JZisTand iSE*"? 6 mel8b:,,,srn - «cretion path and state of a sub- 

molecutervveSTo n^^^^JV^* !" MP "?° n ° f identifiC8tion 01 P"**" or the estimation of the 
of distributing a p£!K ZtZnZZ ^ ***** periorm 8 P rocess the steps 

added to, Xi? ^IL • fragments on a gel support by means of electrophoresis after a ft,orescent dye was 

ofale?^ 

disUiblted^ea^Sc^^ 00 "** a * Ural *> * DNA ^mems have been 

distributed DNA Crne^S^ n * ""Si fluorescerTt the electrophoresis- 

detec^gtte ^SSSli^JS!^^ * * SfimU,at,n ° ray tocauseitto ' 8l88 « * 'descent light, 
oort ThkTI;r! ol« * °* 10 produce an ,ma 9 e 8nd detecting the distribution of the DNA on the oel sud 

SS3dNA^1^ ^ 6y *° So"*™* 10 *"* method, hybridizing a probe prepared by 
.aDenng target DNA and DNA or RNA complementary thereto with the denatured DNA fragment. Sereby sSectiveV 
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labeling only the DNA fragments complementary to the probe DNA or probe RNA. eieHinn th #i, *v~r*«« h u . 

substance Kwh^i«l SL! DNA probe complementary to DNA containing a target gene labeled by a labeling 
££SoTl£S ' f 6UPP0f1 - combi ™' n 0 *" ™Y™* wit" the elementary DNaXS 

6teiceb^S.?^f^ 0 to re,6ase,,U0fe8Cent «8"t exciting the thus produced fluorescent sub- 

system^n^i^" *" ,mafle readinfl a PP aratus *Wch can be used in a fluorescence detecting 

system and is proved with an argon laser stimulating ray source for emitting a laser beam having a wavelenXuS 

and InTSS? d^SnfZfiS^ !? 6 ^ the electron microscope detecting system 

to«£^£^^T^ 8y8,em USin °l S,imutoble as «he imageSecting materiaUnd 

J?"? detecting system all scan Image earner such as a stimulaWe phosphor sheet, a gel support a transfer 

£Se bXsJS' adVartaSeOUSand PM ,0 - ^ ^ing apparatus so ast 

sou^for 6 ^ S" r K^l n LT ara,US haS 666,1 P^ 6 "" fe ^ed with a solid laser stimulating ray 
r^^/EE? ?1 8 ^"fl" <* nm capable of exerting a stimulaWe phosphor BaFX (X re£ 

Jit" 0 ? • USable ^oradtography systems and an LED for emitting ha*ng a wav? 

system^ l^^S^!? ""S^ u " tf ** producin9 ,,uore6cant * the fluorescence detecting 
S 66 ef ^ y J iXa,ed ^ an "8°" bser having a wavelength of 488 nm. they are not eft idem? 

^1 ** ^ te&er Stimulatin9 ra * and the LED are built in an S head andTe 

3^"*;! ^ S 8 * ^ the ^ head at high speed in both man arTsuSdrec 

S JS^ °Zf r8y ^ 38 a ra * ««• '"stead <* *e 

S^d^T^e^ 
SUMMARY OF THE INVENTION 

Sr^Sjf^ f " aUt0radiO0raph,C 6ystem - an microscope detecting system and a radiation diffmc- 

S ^ * ^ ^ afluorescance s ^ and can read an im£e 

arising ^c!!!l°!! e l 0bi9CtS * ^ ^ eSem lrweneon «" ^ accomplished by an image reading apparatus com- 
pnsmg a first taser simulating ray source for emitting a laser beam having a wavelength of 633 nm or 63Snm a second 

£2 SIS "IZT f ,mitt ' ng 8 bser b9am 8 length of to 4^£?££ scS 
means for scanning the laser beam, at least one light detecting means for pnotoelectrically detecting BgWreteasedfZ 
'ra'^fu^a^nof f^^^w ' nia ? a .' and " '*est one filter means disposed in front of the Ifeht detecting mean^and hav- 
ing a pluraJity of filters for transmitting light of different wavelengths. 

J* 16 -bfl "? otfief ob '' ects ^ the present invention can be also accomplished by an image reading aooaratus 

ZZSr Stimdat "° Z Y fef 6mrtfin9 a laser beam havi ^ a length of eL nm o? Snm^ 

fro^n ISJSSJ? beam ' a P,uralrty of ,iflht de,ect,n S "^^ tor Photoelectrically detecting light released 

S ^SSJS^irS2I!r !? dfepOS6d h * ««* rt *• "«« detect^ means, each 

oeing adapted for selectively transmitting only light of a predetermined wavelength range 

n a preferred aspect of the present invention, the image carrier to be scanned with the laser beam emitted from the 

0^222^? ^ ^ bV 8 C8rrier an ima °* ^''"orescent subslanceTclltiZaSe 

Phosphor sheet containing a stimulate phosphor recording an image selected from the group consisting of a radiaton 

H°r e a ?«ll be B f nned ^ the ^ emitted from the second laser stimulating ray source is constiWed by 
a carrier carrying an image of fluorescent substances. ^ 
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stm^^TJ^S 32?!? T* ^ imaS8 ^ further comprises a third laser 

CTmuaung ray source tor emitting a laser beam having a wavelength of 530 to 540 nm. 

fmm l *!ll2T Pre S red J !f eC,0Mhepre6ant invenfioa *• i"«8e carrier to be scanned with the laser beam emitted 

sheet ^ thS Pfesem mventon - >™0« <^ are produced using a stimulate phosphor 

cj* cSSr,SS?^? Prewnt invention, the image reading apparatus further comprises control means 
h! r^T^ EES? th ! pluralrt > r * bser bating ray sources and the plurality of fitters of the filter means 
ro swit* l^Tl^L P«*ent invention, the controi means Is constituted so as to be able to seSy 

SiS^ 

*f th f P fefef red aspect of the present invention, the image reading apparatus further comprises control means 
capable of selectively switching the plurality of laser stimulating ray sources composes control means 

75 switeh l^J«5L*!5T ed J" * le pr6Sent invention - c 0 ^ 01 "leans is constituted so as to be able to selectively 
rs swrtch the pkjralrtyof laser stimulating ray sources in accordance wHhWnds of the image carriers. ero6e,eCTve,y 

to ^ZZfT 0 ray SOUrce6 6ver > sc anning line of the image carrier carrying an image 

in afurther Preferred aspect of the present invention, the control means is cc*strtuted so asto ^eTselectivelv 

« a i J^ r ? f ^ ef€ !!I eC L a . SpeCt * 1he present invention ' 9,6 "aans * constituted so as to be able to sequen- 
^2352 ttSS^TE'^ "* r™ 88 6Canni "° ,ine of th * ^ carrier carrying an ^e 
star^^efth^wh^^T *• imafle carrier cemes an image off l^escei? sub- 

« c^T^Jth Wh€re * e ""^ camer carries an image of a specimen labeled by a labeling substance 

w£ JiSS^S^lS- 0 * Carri8S8n ^ 01 ,hJ0ra6cent ^"ces obtained b/c^mbiningeAe^me 

in J!)™£^ ^^"J^ ^a^errt substance employed for labeling a specimen to form an image to be carried 
so rf^KT,^L and r6adb r Stimu,atin 9 » uainfl « laser beam having a wavelength of from 470 nmto So nTmay 
oTeSS^^^i^ 0 l"* 1 ** 1 * a ,a6 « beam having a wavelength of from 470 nm to 480 nSSSZ 
S^uZS^r T^^^f t T eS 6timU ' ab,e ^ 8 laser beam ha^ng a wavelength of from 470 nm to 480 nm 
in™ Fluorescein (CL No - 453S0 ). Fluorescein* indicated by the structural formula (1) shown below YOYO-1 indi- 

Ss ^SS^'^^rX 5 ^^ fomU " Rh0damine 60 < C L «M«ft Acridly Orange (C L No. 
oS^^^nTJSiS 0 5 ) ' I C ? uar ^ m Red ' n-Phycoerrythrin. Red613. Red 670. Fluor X. FAM. AttoPhos Bodipy 
12221? FL °l aum f r6en ' Fura Red » Fluo 3 ' NBD phosphoethanolamine and the like. totS 
P^^irnrention. the f borescent substance employed for labeling a specimen to form an image to be carried in an 
STESEEIT' V^T 9 * a beam having a wavelength of from 633^ or 635 nrnTy be 2 
2K^2X^^ 

SuL S?S2 2 ^3 ^l*" 5 stimu,ab,e by a laser beam having a wavelength of from 633 nm or 635 nm 
frttK 121?^.? by the structural formula (8). AflphycocyanTar* the fike. Moreover^ Z 

Snfof^m^' iL ^?^ 0 ? 6UbStBflCe ""P*** tor ^"fl a specimen to form an image to be carried in an 
SSZZZZL T by . 6hmu,atin0 if 8 *" baam having a wavelength of from 530 nm to 540 nm may bed 
S^!^^ 5 rt 040 1)6 Stimula,ed by a laser beam having a wavelength of from 530 nm to 540 nm Z^v2 wef 

.Se^r^ern^ 8 ?™T ^ 3 ^ ^ a «« ^ »° - to 5o nm 

Bfc] « T ^2, f - ? ™^ ra »ad by thesfructoral formula (5). Rhodamine 6G (C.I. No. 45160). Rhodamine 

m S 10) ' JSSJSS 1^!^^ b/ StrUCtural ,ormu,a ^' Texas «« '^'cated by the structural for 
R^ 6 3 R^Tilt^ ^fn^' farmUla (1 1) ' P0P0 " 3 indicated by the stfUCtural fo^ula (12). 
^rrea^'ir' ^ycoerylhirin. Quantum Red. JOE, HEX, EthiOium homcdimer ul 
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In the present invention, the stimulate phosphor employed for producing a radiation image, an autoradiographic 
so image, a radiographic diffraction image and an electron microscopic image of an object may be of any type insofar as 
it can store radiation energy or electron beam energy and can be stimulated by an electromagnetic wave to release the 
radiation energy or electron beam energy Btored therein In the form of light However, a stimulabfe phosphor which can 
be stimulated by fight having a visible light wavelength is preferably employed. More specifically, preferably employed 
stimulabie phosphors include alkaline earth metal fluorohaBde phosphors (Ba^M^F X:yA (where M 2 * is at least one 
ss alkaline earth metal selected from the group consisting of Mg, Ca, Sr, Zn and Cd; X is at least one halogen selected 
from the group consisting of CI, Br and I, A is at least one element selected from the group consisting of Eu, Tb, Ge, 
Tm, Dy. Pr. He, Nd. Yb and Er; x is equal to or greater than 0 and equal to or less than 0.6 and y is equal to or greater 
than 0 and equal to or less than 0.2) disclosed in U.S. Patent No. 4.239.968. alkaline earth metal f luorohalide phosphors 
SrFXiZ (where X is at least one halogen selected from th group consisting of CI, Br and I; and 2 is at least one of Eu 
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and Ce) disclosed in Japanese Patent Application Laid Open No. 2-276997, europium activated complex halide phos- 
phors BaFX xNaX'iaEu 2 * (where each of X and X" is at least one halogen selected from the group consisting of CI. Br 
and I; x is greater than 0 and equal to or less than 2; and y is greater than 0 and equal to or less than 0.2) disclosed in 
Japanese Patent Application Laid Open N . 59-56479. cerium activated trrvalent metal oxyhalkJe phosphors MOXxCe 

s (wher Mis at least one trivalent metal selected from the group consisting of Pr, Nd, Prn. Sm, Eu, lb. Dy, Ho. Er, Tm. 
Yb and Bi; X is at least one halogen selected from the group consisting of Br and i ; and x is greater than 0 and less than 
0.1) disclosed In Japanese Patent Application Laid Open No. 58-69281, cerium activated rare earth oxyhalide phos- 
phors LnOXocCe (where Ln is at least one rare earth element selected from the group consisting of Y, La. Gd and Lu; 
X is at least one halogen selected from the group consisting of CI. Br. and I; and x is greater than 0 and equal to or less 

to than 0.1) disclosed in U.S. Patent Na 4,539,137 and europium activated complex halide phosphors M U FX aM^X? 
bM >M X"2 cM u, X"*3 xAiyEu 2 * (where M u is at least one alkaline earth metal selected from the group consisting of Be. Sr 
and Ca; M ( is at least one alkaline metal selected from the group consisting of Li. Na. K Rb and Cs; M Hl is at least one 
divalent metal selected from the group consisting of Be and Mg; M m is at least one trivalent metal selected from the 
group consisting of Al. Ga, In and Ti; A is at least one metal oxide; X is at least one halogen selected from the group 

75 consisting of CI, Brand I; each of X', X- and XT is at least one halogen selected from the group consisting of F, CI, Br 
and I; a is equal to or greater than 0 and equal to or less than 2; b is equal to or greater than 0 and equal to or less than 
10*; c is equal to or greater than 0 and equal to or less than 10' 2 ; a+fc+c is equal to or greater than 10 2 ; x is greater 
than 0 and equal to or less than 0.5; and y is greater than 0 and equal to or less than 0.2) disclosed in U.S. Patent No. 
4.962.047. 

so The above and other objects and features of the present invention will become apparent from the following descrip- 
tion made with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2s Figure 1 is a schematic perspective view showing an image reading apparatus which is a preferred embodiment of 
the present invention. 

Figure 2 is a schematic perspective view showing a stimuiabte phosphor sheet unit. 
Figure 3 is a schematic front view showing a filter member. 

Figure 4 is a schematic perspective view showing the exterior of an image reading apparatus which is an embodi- 
ed ment of the present invention. 

Figure 5 is a schematic perspective view showing an image reading apparatus which is another preferred embod- 
iment of the present invention. 

Figure 6 is a schematic front view showing a f iHer member. 

Figure 7 is a schematic perspective view showing an image reading apparatus which is a further preferred embod- 
3s iment of the present invention. 

Figure 8 is a schematic perspective view showing a mirror. 
Figure 9 is a schematic perspective view showing an optical unit 

Figure 10 is a schematic perspective view showing an image reading apparatus which is a further preferred embod- 
iment of the present invention. 
40 Figure 11 is a schematic perspective view showing a mirror. 

Figure 12 is a schematic perspective view showing a dsk on which a trigonal pyramid mirror is mounted. 

DESCRIPTION OF TOE PREFERRED EMBODIMENTS 

45 As shown in Figure 1 , an image reading apparatus includes a first laser stimulating ray source 1 for emitting a laser 
beam having a wavelength of 633 nm and a second laser stimulating ray source 2 for emitting a laser beam having a 
wavelength of 473 nm. In this embodiment the first laser stimulating ray source 1 is constituted by a He-Ne laser beam 
source and the second laser stimulating ray source 2 is constituted by a second harmonic generation element. 

A laser beam 3 emitted from the first laser stimulating ray source 1 passes through a light modulator 4 when it is 

so on and passes through a fitter 5. thereby cutting light in a wavelength region corresponding to a wavelength region of 
stimulated emission emitted from the stimulable phosphor sheet in response to stimulation by the laser beam 3 having 
a wavelength of 633 nm. A dichroic mirror 6 is provided for transmitting light having a wavelength of 633 nm but reflect- 
ing light having a wavelength of 473 nm in an optical path of the laser beam 3 emitted from the first laser stimulating ray 
source 1 and the laser beam 3 emitted from the first laser stimulating source 1 and transmitted through the filter S 

55 passes through the dichroic mirror 6 and enters a beam expander 7. On the other hand, a laser beam 3 emitted from 
the second laser stimulating ray source 2 is reflected by the dichroic mirror 6 and impinges on the beam expander 7. 
The beam diameter of the laser beam 3 is accurately adjusted by the beam expander 7 and the laser beam 3 enters a 
polygon mirror 8. The laser beam 3 deflected by the polygon mirror 8 passes through an f 9 lens 9 and is reflected by a 
reflecting mirror 10. thereby impinging upon a sheet-like fluorescent image carrier unit 30. The f6 lens 9 ensures that 
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the fluorescent image carrier unit 30 is always scanned with the laser beam 3 at a uniform beam speed when it is 
scanned with the laser beam 3 in a direction indicated by X. namely, the main scanning direction. 

The image reading apparatus according to this embodiment is constituted so as to be able to read out an imag of 
fluorescent dye recorded in a transfer support, a gel support or the like, and a radiation imag . an autoradiographic 
s image.a radiographic diffraction Image or an electron microscopic image of an object recorded in a stimulable phosphor 
^er formed on a stimulate phosphor sheet In Figure 1. the fluorescent image earner unit 30 includes a glass plate 
f 1 *!* a ^ a , n L sfef 6u « X)rt 32 Placed on the glass plate 31 and in which an electrophoresis image of denatured DNA 
labeled with fluorescent dye is recorded. 

The electrophoresis image of denatured DNA labeled with fluorescent dye is recorded in the transfer support 32 
10 T^L, 6 ' m ** fo0owinfl manner - Fml a P luralit y 01 DNA fragments containing a specific gene are separated and 
If^fl^ 8 ^ 6Upp0rt mfldium by moans 01 electrophoresis and are denatured by alkali processing to form single- 
6 1!^ ' aCCOfding to the known Southern blotting method, the gel support and a transfer support 12 are 

sacked to transfer at least a part of the denatured DNA fragments onto the transfer support 1 2 and the transferred DNA 
fragments are fixed on the transfer support by heating and irradiating with an ultraviolet ray. Further, probes prepared 
by labeling DNA or RNA with fluorescent dye. which is complementary to the DNA containing the specific gene and the 
,ra O m ents on the transfer support 12 are hybridized by heating to form double-stranded DNA fragments 
or combined DNA and RNA. In this embodiment. Fluorescein is used as fluorescent dye and DNA or RNA which is com- 
10 *• DNA containing the specific gene is labeled therewith to prepare the probes. Since the denatured 
DMA fragments are fixed on the transfer support 12 at this time, only the DNA fragments which are complimentary to 
the probe DNA or probe RNA are hybridized to acquire the fluorescent!/ labeled probe. Then, the probes which have 
not formed hybrids are removed by washing with a proper solution and only the DNA fragments having a specific gene 
form hybrids with the fluorescently labeled DNA or RNA on the transfer support 1 2 to be f luorescently labeled The thus 
obtained transfer support records an electrophoresis image of the denatured DNA labeled with fluorescent dye. 

When a radiation image, an autoradiographic image, a radiographic diffraction image or an electron microscopic 
image of an object recorded in a stimulate phosphor layer formed on a stimulate phosphor sheet is read out, instead 
of the fluorescent image carrier unit 30. a stimulate phosphor sheet unH 40 is set In the image reading apparatus. 

Figure 2 is a schematic perspective view showing the stimulate phosphor sheet unit 40. As shown in Figure 2. the 
stimulable phosphor sheet unit 40 includes a stimulable phosphor sheet 42 formed with a stimulable phosphor layer 41 
on one surface thereof and a magnetic layer (not shown) on the other surface thereof and a support plate 43 such as 
an aluminum plate onto which a gum-like magnetic sheet (not shown) is adhered on one surface thereof. The magnetic 
layer of the stimulable phosphor sheet 42 and the magnet sheet of the support plate 43 are adhered by magnetic force 
and integrated. 

The stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 records, tor example, locations! 
information regarding a radioactively labeled substance contained in a gene produced by the Southern Wot hybridiza- 
tion method. Ideational information as termed here includes a variety of information relating to the location of radioac- 
tive labeled substances, or aggregations thereof, present in a specimen, such as the location, the shape, the 
concentration, the distribution or combinations thereof. 

The tocational information regarding a radioactively labeled substance is stored in the stimulable phosphor layer 41 
of thestmulaWe phosphor sheet 42. for example, in the following manner. First, a plurality of DNA fragments containing 
a specif ic gene are separated and distributed on a gel support medium by means of electrophoresis and are denatured 
by alkali processing to form single-stranded DNA. Then, according to the known Southern blotting method the gel sup- 
port and a transfer support such as a nitrocellulose filter are placed In layers to transfer at least a part of (he denatured 
DNA fragments onto the transfer support and the transferred DNA fragments are fixed on the transfer support by heat- 
ing. Further, probes prepared by radioactively label ng DNA or RNA which is complementary to the DNA containing the 
Sp f?, C _ fl - 6 2?, and «ne denatured DNA fragments are hybridized by heating to term double-stranded DNA fragments or 
combined DNA and RNA. Since the denatured DNA fragments are fixed on the transfer support at this time, only the 
DNA fragments which are complimentary to the probe DNA or probe RNA are hybridized to acquire the radioactively 
labeled probe. Then, the probes which have not formed hybrids are removed by washing with a proper solution and only 
the DNA fragments having a specific gene form hybrids with the radioactively labeled DNA or RNA on the transfer sup- 
port to be radioactively labeled. The thus obtained transfer support and the stimulable phosphor layer 41 of the stimu- 
lable phosphor sheet 42 are stacked for a certain period of time to expose the stimulable phosphor layer 41 and at least 
a part of the radiation emitted from the radioactively labeled substance on the transfer support is absorbed in the stim- 
ulable phosphor layer 41 formed on the stimulable phosphor sheet 42, whereby the tocational information regarding the 
radioactively labeled substance in the specimen is stored in the form of an image in ttie stimulable phosphor layer 41 . 

The fluorescent image earner unit 30 or the stimulable phosphor sheet unit 40 is conveyed by a motor (not shown) 
in ihe direction of the arrow Y. namely, the sub-scanning direction in Rgure 1 in synchronism with the scanning with the 
las r beam 3 in the main scanning direction so that the whole surface of the transfer support 32 or th stimulable phos- 
phor layer 41 is scanned by the laser beam 3. 

A light guide 20 is positioned in the vicinity of the transfer support 32 or the stimulable phosphor layer 41 so as to 
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face the scanning fine on the transfer support 32 or the stimulate ohosohor [aver 41 th« n*M r*noK*»« 

lated'SS nr^i^^i ^ r 2? d I 0m J° ,,uor « 8ee " t ^ contained in the fmnsfer support 32 or the slimu- 

tfriwTmTL^^^ !l T^ e J*° 6ph0r COrtained in tte Btimu,ab,e P**ph°r layer 41 upon being irradi- 

" XS^IT 8 , 0Ude 20 and fe r6Ceived b * ,he ■*» d ««** 21 ™ *7exft end under 

io repeated total reflection within the light guide 20. 

frJ^M^* r !!l K/in ?^ C8 * th6 l ' flht deteCtof 21 is P™* 1 * a firt <* 22. Rgure 3 is a schematic 

STanT^ ^^^^ ^ ^ fWer membar 22 is tonMd * * ^Sular plate and provided withUZrs 
££d Sm Je JEISE* \ a,l0W ** m * 1,16 ra8fon °' ^ Elated emission 

, 5 Sff ISL2£ f e ,?^f? W 10 P 886 fhmu ^ andcut * off tight having a wavelength of 633 nm and the filter 
4^™ * *> cut off light having a wavelength of 473 nm and transmit light having a wavelength longer than 

sou^^Z^T^i!^^ m tr8nSfer 32 * ' Bad «* the second laser stimulating ray 
SnS J th^^rl! t n * iS r0tated 50 **' thfl ,iltef 226 is P 05 * 00 * 1 *«« °f *° 'iflht receiving 

*> SfS™ On the other hand, when a radiation image, an autoradiographic image, a radiographic 

SS^TJL ™ ^ micr °*f J P ic lm «S e °* *" °N«t recorded In a stimulabie ?«^^ayer 41 is ^dout 

tXXSZ ST ? ^ ^ L fe 3CtiVated 8041 106 ,ilter 22 rotated so ma^t* 22a is position* 

in front of the light receiving surface of the light detector 21 

22b MsTJ^^SZ l^L he teSef Sfimu,atin fl «* Muree 2 and *• a* * the f Wer 

unH 50 K^Ll cTS^" ft Fiflure 1 • the ima « e loading apparatus further includes the control 

!i^f^ d,nfl a teyboard and a motor 52 for rotating the fitter member 22. The control unit SO is 

SrC^ne^ 

The light photoelectrical!/ detected by the light detector 21 is converted to an electrical signal amplified bv an 
ES^tX E2r!^^ produce an electrical sigr^pSrS 

tZ £L ? ^ < C °T erter 24 - 7,16 a 'fl nal is oonverted in the A/D converter 24 to a digital sigraTwiSa 

SZ!2Z ^^^^ <,UCtUati0n Width a * input to a line buffer 25. The line buffer 25 ternpo^storel 
'™Z ^„^S^ to ^ e ^ an !J nfl mm the 101886 <** responding to one scannfcgle have been 
stored in the fane buffer 25 m the above described manner, the fine buffer 25 outputs the data to a transmitting buffer 26 

frZl^ 

27 "" f ,0r8d lnan,ma 0edata storing means (not shown). The image data are read out 
ITp?/^?^ ^ "I 6 *" 8 ' imaa ^ ocessad 88 o^to" demands and displayed on display means such as 
a CRT (not shown) as a usual image or analyzed by an image analyzing apparatus (not shown) 

Figure 4 is a schematic perspective view showing the exterior of the image reading apparatus. As shown in Rgure 
V^?J^ fPPf^tos 28 toclodes a sampie stage 29 on which the fluoreSniWge carrieTuTso or £e 
ZZT* SltLttr 1 ,IUOre8Cen, imafla M Urtt 30 » th « ^'^e Phosphor sheet unit^ 

utl 7J2 r?S!l!S ^ TTl *" a C0nve * ance «"«hanism (not shc^) in the direction indicated by 2 in Fig- 
ure 4 and is located at a predetermined position in the image reading apparatus 28 to be scanned with the laser beam 

thk ^■^l^ h0 l e T I™ 86 * denatUred DNA label6d **" «"*a«oent dye is to be read out. an instruction to 
S SSI? T ° ^ ,nput means51 and «» « uoresc8rt ima oe carrier unit 30 is set on the sample stage 29 
^^rS'^J^! ^ ^ ^ ^ sample stage 29 is conveyed by the conveyar^eSanTm (not 
shown) « the directon indicated by 2 m Figure 4 and is located at a predetermined position in the image reading appa- 

rhr ft ,^^ iO ! trUCti0n ^ f9ad 916 electr °P horesis ima 8 a of denatured DNA labeled with fluorescent dye is input 
ZZVh** COnfr01 Uni1 50 * ives *• ^ 52 to move the filter member 22 so that the titer 22b 

Tl** m^T. 8 SUrfaCe * * e Bght deteCtof 21 andthen artivates toe second laser stimulating 
Sff baam 3 having a wavelength of 473 nm. The beam diameter of the laser beam 3 is accu 

2?^2S^ k! ^ etPandaf 7 ^ the te8er ^ 3 lm PtoO« on the polygon mirror 8. The laser beam 3 
£2SS£* ^P 0 ^ 90 " mirrar 8 P* 68 * 6 torough the fe lens 9 and is reflected by the reflecting mirror 10. thereby 
mTpingjng upon the transfer support 32 on the glass plate 3 1 . Since the laser beam is scanned on the transfer support 
£ JH ™1^"T 3 d WhMe ,hG ,luorescert ima flo oarrier unit 30 is moved in the sub-scanning direflton. 
F^ZS^S^JTt S ? POft 32 18 ^""^ *• te6er beam having a wavelength of 473 nm. As a result, 
Fluorescein contained in the transfer support 32 is excited and releases fluorescent light having a peak wavelength of 
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530 nm. In this embodiment since f luorescent dye is excited using the second laser stimulating ray source 2 constituted 
by the second harmonic generation element for emitting a laser beam 3 having a wavelength of 473 nm, it is posstoie 
to excite the fluorescent dye with a stimulating ray having substantially the same strength as that of an argon laser beam 
at lower power than when using an argon laser beam source and, therefore, to cause the fluorescent dye to release a 

5 sufficient amount of fluorescent fight while keeping the amount of energy consumption low. 

Fluorescent light released from Fluorescein, which is the fluorescent dye contained in the transfer support 32, 
enters the light guide 20 and impinges on the filter 22b via the exit end of the light guide 20 under repeated total reflec- 
tion within the light guide 20. Since the filter 22b has a property to cut off light having a wavelength of 473 nm and trans- 
mit fight having a wavelength longer than 473 nm and the wavelength of the fluorescent light released from Fluorescein 

10 has a peak of 530 nm, which is longer than the wavelength of the stimulating ray, it is possWe to easily separate fluo- 
rescent fight released from Fluorescein from the stimulating ray having a wavelength of 473 nm and photoelectrical^ 
detect only it by the light detector 21 with high sensitivity. 

The electrical signal photoelectrical^ detected and output by the light detector 21 is amplified by the amprrf ier 23 
having a predetermined amplifying factor so as to produce an electrical signal of a predetermined level and then con- 

is verted in the A/D converter 24 to a digital signal with a scale factor suitable for the signal fluctuation width. When the 
image data corresponding to one scanning line have been stored in the line buffer 25, the line buffer 25 outputs the 
image data to the transmitting buffer 26. 

The image data obtained by detecting fluorescent tight released from Fluorescein in this manner is output from the 
transmission buffer 26 to the image processing apparatus 27 and a visual image is displayed on the display means such 

20 as a CRT The thus displayed image contains an image of DNA labeled with Fluorescein and the image data produced 
in the above described manner are stored in the image data storing means (not shown) or analyzed by the image ana- 
lyzing apparatus (not shown) as occasion demands. 

When a radiation image, an autoradographic image, a radiographic diffraction image or an electron microscopic 
image of an object recorded in a stimulable phosphor layer 41 of the stimufable phosphor sheet 42 is to be read out an 

25 instruction to the effect is input through the input means 51 and the stimulate phosphor unit 40 is set on the sample 
stage 29. 

The stimulable phosphor sheet unit 40 set on the sample stage 29 cs conveyed by the conveyance mechanism (not 
6hown) in the direction indicated by Z in Rgure 4 and is located at a predetermined position in the image reading appa- 
ratus 28. 

so When an Instruction to reed the locational information regarding the radioactiveiy labeled substance in the speci- 
men recorded in the stimulable phosphor layer 41 of the stimulable phosphor sheet 42 is input through the input means 
51 . the control unit 50 drives the motor 52 to move the filter member 22 so that the filter 22a is located in front of the 
light receiving surface of the light detector 21 and then activates the first laser stimulating ray source 1 to emit a laser 
beam 3 having a wavelength of 633 nm. 

3s The laser beam 3 emitted from the first laser stimulating ray source 1 passes through a filter 5, thereby cutting light 
in a wavelength region corresponding to a wavelength region of stimulated emission emitted from the stimulable phos- 
phor layer 41 formed on the stimulable phosphor sheet 42 in response to stimulation by the laser beam 3 having a wave- 
length of 633 nm. The laser beam 3 transmitted through the f ilter 5 passes through the dichroic mirror 6 and enters the 
beam expander 7. The beam diameter of the laser beam 3 is accurately adjusted by the beam expander 7 and the laser 

40 beam 3 impinges on the polygon mirror 8. The laser beam 3 deflected by the polygon mirror 8 passes through the fe 
lens 9 and is reflected by the reflecting mirror 10. thereby one- dimensionaliy impinging upon the sheet-lite stimulable 
phosphor sheet unit 40. 

The stimulable phosphor sheet unit 40 is moved in the sub-scanning direction indicated by Y in Figure 1 in synchro- 
nism with the scanning with the laser beam 3 in the main scanning cfirection so that the whole surface of the stimulable 
45 phosphor layer 41 formed on the stimulable phosphor sheet 42 is scanned by the laser beam 3. 

When the stimulable phosphor layer 41 is scanned with the laser beam having a wavelength of 633 nm in this man- 
ner, the stimulable phosphor contained in the stimuiable phosphor layer 41 formed on the stimulable phosphor sheet 42 
is stimulated to release the stimulated emission. 

The stimulated emission released from the stimulable phosphor enters the light guide 20 and impinges on the filter 
so 22a via the exit end of the light guide 20 under repeated total reflection within the light guide 20. Since the filter 22a has 
a property to allow only light of the wavelength region of the stimulated emission released from the stimulable phosphor 
to pass through and cuts off light having a wavelength of 633 nm, only the stimulated emission released from the stim- 
ulable phosphor is photoelectrical ly detected by the light detector 21 and an analog signal corresponding to the image 
of the locational information regarding the radioactiveiy labeled substance Is produced. The analog signal produced by 
ss the light detector 21 is amplified by the amplifier 23 having a predetermined amplifying factor so as to produce an elec- 
trical signal of a predetermined level and then converted in the A/D converter 24 to a digital signal with a scale factor 
suitable for the signal fluctuation width. Wh n the Image data corresponding to one scanning lin have been stored in 
the line buffer 25, the line buffer 25 outputs the image data to th transmitting buffer 26. 

The image data obtained by detecting the stimulated emission released from the stimulable phosphor in this man- 
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^iJ^T ^ a ^S- 0 ^ Uffef 26t0the ,ma ° e Pressing apparatus 27 and a visual Image Is displayed on 
lOS? ^f" 8 SUCh 88 8 CRI 71,6 ds P ,a y ed ""age contains an image of ONA labeled with the radSek 
labeled substance and the image data produced in the above descrfaed it^eTarBl^^ZZ^nJ!S^^l 
means (not shown, or analyzed by the bnage analog apparatu^^^s^ofdCnT 0 ^ 

5 in th^^Ss^^T^S^ 6 ^^^ 06 01 DNA ^ f ' u ^scent dye and recorded 
ZiSZ.rf^ !^ ! atactrophoresis 01 DNA labeled with the radioactively labeled substance and 

S^^SSZ iS^t ^^^^^^^scentdye deseed to be effe^vely excited by an'S 
walaS r^nT a JT U T°i e Jf M,d teSer 6timu,atinfl ray ^ 2 far a ^er beam havinga 

S WaVele 7 1h * nuorescent '«W released from the fluorescent dye upon being excited is 

uKV-VZ^u rt * ^ 8 SflW d9,8Ctor 21 *an when using an argon laser beam source as a laser stinv 

£ uEZZZZXT*- ^ kJ0fe8C8nt ^ 18 ™*" ,he ■»» emulating ray source 2^S- 
tutedby the second harmonic generation element far emitting a laser beam 3 having a wavelenotti of 473 nmrtis 

S^m zs^sssr 8 ray *» ™ = S2 

f^^Tl J S^ P ° wer ^ when using the argon laser beam source and. therefore, to cause the fluorescent dye 
^'A?? 8 ? *T m 01 fluor * sc * n **« while ***** the amount of energy consumption low. 0eSCemaye 
.men 5£ SST^ ^ ^ 80 ^ «"-*■ «** * —ner preferred embed- 

63 fofemS ? 2X11 ! ima9e ^7 fl PP aratU8 10 this «*odiment includes a third laser stimulating ray source 
S^^rr^Ll^ ^ m ^^^T 0 3 waveJen * h of 532 nm in addition to a first laser slimuJatinfl ray sourc/ei for err^ 

aTtonllJmlnt stimulating ray source 63 is constituted by the second harmonic gener- 

BflhtTna 'walttT frOT J ha,iret laser ™* *y source 1 passes through the filter 5. thereby cutting 

LtLSJ^ C0 _ rres P° nd,n fl «o a wavelength region of stimulated emission emitted from the stimulate 
M^l^T* rf e8timu «S P"«^ 42 in response to stimulation by the laser beam 3 having 
l^SZSSZ ^ rmTDr64,s P f0vided tn«nsmitting lig ht having a vwelength of 633 nm but ref lect- 

2 SrceTa^^lSls" J^S!? - *e bear beam 3 emitted fcom STthad iaser *J£ 
nm SSSi^M ^ 16 P™** 1 fef fr^^no "fl* having a wavelength equal to or longer than 532 

^fSSI^rL - *? " m in an optical path of the laser beam 3 emitted from the second 

^diSS 1 1 J 118 bs8r beam 3 from *• «" la s* stimulating ray source 63 is reflected by 

™ Sto lT*ltl * ^T^* direCh0n ,f16reC, tY ^ 90 d99rees ano P* 6 ** thrau 9 h *° dichSc m7 
^I fu beam axpander 7. The laser beam 3 emitted from the first laser stimulating ray source 61 passes 

Sy^rce*^ 

hL^Z^H* by thed'chroic mirror 65. thereby changing thedirection thereof by about 90 degrees and the 
beams errter the beam expander 7. The beam diameter of the laser beam 3 is accurately adjusted by the beam 

106 •IT* 9 and * reflected by the reflecting mirror 10. thereby one-dimensionally impinging upon 
the sheet-like fluorescent image earner unit 30 or stimulate phosphor sheet unit 40 

rnga^S^^ 

Th fi m^- n F *"!l 6 ' ft t f itt8r m8mber 72 is consttuted by a disk provided with four filters 72a. 72b. 72c and 72d. 
SL?^ reading fluorescent light released from fluorescent dye contained in the transfer support 32 

™S!^ I rt hflW h3V,nfl a wavelength longer than 633 nm. The (Iter 72b is used for reading fluorescent light 

I J^Jln rZ^"* C ° nt8in8d ^ ^ support 32 upon being excited using the thin?las1S3atinfl 

^rZ™ ^ to °« ««»nt having a wavelength of 532 nm but transnS light having a wavelength 

22L ^ "T h8 ,,lter ?2C ,S ^ ^ rea£fin 8 Nuorescent light released from fluorescent dye contained in the 

SL^l J**! b !!!V Ka ^ US "° the S8COnd ' aSer stimulatina ^ source 62 and has a property to cut off 
^having a wavelength of 473 nm but transmit light having a wavelength longer than 473 nm. The filter 72d is used 

Znrt t^^M^^ 'l 6888 ?,'?" 1 " 6 * imuteb,e P" 0 ^* 42 ^ «ba stimulate phosphor con- 
SKaSTlf^ .f 0 !?^ ^ 41formedonthe stimJaUe Phosphor sheet 42 is excited usir^hVfirst laser 
^^™£^VJ£* !° allW ^ li8Wofthe ^"Sth region d the stimulated emission 

H^^taSTS! ^* ,e P h osphor to pass through and cuts off light having a wavelength of 633 nm. Therefore, the 
fight detector 21 can photoelectncaliy detect only light to be detected by selectively using these filters 72a 72b 72c 

,h« l 8 ^ anM 1 With ,! ,e ,8S ' 6timU,8tin8 r8y 60UrCe to be USed - name| y "nds of fluorescent dyeand I Wrds « 
m8 ^ r 7 2 / con6 «bi««d so as to be rotatable. and a photomultiplier containing a bialkali 
materal based on the compound K 2 CsSb prepared by activation with oxygen and cesium is used tor the light detector 
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In the image reading apparatus according to this embodiment the laser stimulating ray source 61. 62, 63 to be 
employed and the filter 72a. 72b, 72c. 72d to be selected are determined in advance and stored in a memory (not 
shown) of the control unit 50. Therefore, when a fluorescent image recorded in the transfer support 32 is to be read, the 
user Inputs the kind of fluorescent dye contained in the transfer support 32 through the input means 51 and when a radi- 
ation image recorded in the stimufable phosphor layer 41 formed on the stimulate phosphor sheet 42 is to be read the 
user inputs through the input means 51 that the image carrier is a stimufable phosphor sheet 42. Then, the control unit 
50j automatocally selects one among the first laser stimulating ray source 61 . the second laser stimulating ray source 62 
and the third laser stimulating ray source 63 and also automatical selects one of the filters 72a. 72b. 72c and 72d and 
the image reading is started. More specifically, when the Wnd of fluorescent dye contained in the transfer support 32 is 
inptf through the input means 51. the control unit 50 drives the motor 52 to rotate the filter member 72 so that one of 
the Iters 72a, 72b and 72c is positioned in front of the light detector 21 and also selectively activates one among the 
firrt laser simulating ray source61, the second laser stimulating ray source 62 and the third laser stimulating ray source 
63 to emit a laser beam 3. When an instruction that the image carrier is a stimufable phosphor sheet 42 is input through 
the input means 51 . the control unit 50 drives the motor 52 to rotate the f irter member 72 so that the titer 72d is posi- 
tioned in front of the light detector 21 and also activates the first laser stimulating ray source 61 to emit a laser beam 3 
thereby starting the image reading. 

In the case where an electrophoresis image of denatured DMA labeled with fluorescent dye contained in the trans- 
fer support 32 Is to be read, the user sets the fluorescent image carrier unit 30 on the sample stage 29 of the image 
reading apparatus 26 to move the fluorescent Image carrier unit 30 to the position shown in Figure 5 and, at the same 
time, inputs the Wnd of fluorescent dye used for labeling the probe through the input means 51 . The image reading 
apparatus according to this embodiment includes the first laser stimulating ray source 61 for emitting a laser beam hav- 
ing a wavelength of 633 nm, the second laser stimulating ray source 62 for emitting a laser beam having a wavelength 
of 473 nm and the third laser stimulating ray source 63 for emitting a laser beam having a wavelength of 532 nm and in 
this embodiment. DMA fragments of the target gene are labeled with three kinds of fluorescent dye. namely. Fluores- 
cein. Rhodamine B and Cy-5. The wavelength of light capable of most efficiently stimulating Fluorescein is 490 nm, the 
wavelength of light capable of most efficiently stimulating Rhodamine B is 534 nm and the wavelength of light capable 
of most efficiently stimulating Cy-5 is 650 nm. Therefore, it is efficient to scan the transfer support 32 using the second 
laser stimulating ray source 62 for detecting DNA labeled with Fluorescein, to scan the transfer support 32 using the 
third laser stimulating ray source 63 for detecting DNA labeled with Rhodamine Band to scan the transfer support 32 
using the first laser stimulating ray source 61 for detecting DNA labeled with Cy-5. 

In view of the above, the image reading apparatus according to this embodiment is constituted so that the user can 
input and specify through the input means 51 the Wnd of fluorescent dye forming a fluorescent image to be read and 
the sequence of the fluorescent images to be read and when the user inputs an instruction signal through the input 
mearis 51 requesting that a fluorescent image of DNA labeled with Cy-5 be read first a fluorescent image of DNA 
labeled with Rhodamine B be read second and a fluorescent image of DNA labeled with Fluorescein be read last the 
control unit 50 first outputs a drive signal to the motor 52 to rotate the filter member 72 so that the filter 72a is positioned 
in front of the light receiving surface of the light detector 21 . The control unit 50 then activates the first laser stimulating 
ray source 61 and turns on the light modulator 4 disposed in front of the first laser stimulating ray source 61 . As a result 
a laser beam having a wavelength of 633 nm Is emitted from the first laser stimulating ray source 61 and passes through 
the light modulator 4. the dichroic mirrors 64, 65 and after the beam diameter of the laser beam 3 has been accurately 
adjusted by the beam expander 7, the laser beam 3 impinges the polygon mirror 8. The laser beam 3 deflected by the 
polygon mirror 6 passes through the ft lens 9 and is reflected by the reflecting mirror 1 0. thereby impinging upon the 
transfer support 32. Since the laser beam is scanned on the surface of the transfer support 32 in the main scanning 
direction indicated by X in Figure 5, while the fluorescent image carrier unit 30 Is moved in the sub-scanning direction 
indicated by Y in Figure 5. the whole surface of the transfer sipport 32 is scanned with the laser beam 3 having a wave- 
length of 633 nm. As a result, Cy-5 contained in the transfer support 32 is excited and releases fluorescent light having 
a peak wavelength of 667 nm. 

The fluorescent light released from Cy-5 contained in the transfer support 32 enters the fight guide 20 and impinges 
on the filter 72a via the exit end of the light guide 20 under repeated total reflection within the light guide 20. Since the 
filter 72a has a property to cut off light having a wavelength of 633 nm but transmit light having a wavelength longer than 
633 nm and the wavelength of the fluorescent light released from fluorescent dye is longer then that of the stimulating 
ray, only the fluorescent light released from Cy-5 is photoelectrical^ detected by the light detector 21 . The thus obtained 
electrical signal is amplified by the amplifier 23 so as to produce an electrical signal of a predetermined level and then 
converted in the A/D converter 24 to a digital signal with a scale factor suitable tor the signal fluctuation width and image 
data corresponding to one scanning fine are stored in the line buffer 25. When the Image data correspondng to one 
scanning fine have been stored in the line buffer 25, the line buffer 25 outputs the image data to th transmitting buffer 
26. 

The image dale obtained by detecting fluorescent light released from Cy-5 in this manner is output from the trans- 
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mission buffer 26 to the image processing apparatus 27 and a visual image is displayed on a display means such as a 
CRXTTie thus displayed imag contains an Image of ONA labeled with Cy-5 and the Image data produced In the above 
!T CT ^™ ln, T m stofed m »»« ima Oe data storing means (not shown) or analyzed by the image analyzing appa- 
ratus (not shown) as occasion demands. 

When the excitation of fluorescent dye by the first laser stimulating ray source 61 has been completed, the control 
unit 50 turns off the light modulator 4 to cut the laser beam 3 emitted from the first laser stimulating ray source 61 and 
outputs a drive signal to a motor (not shown) to return the fluorescent image carrier unit 30 to its original position The 
control unit 50 then outputs a drive signal to the motor 52 to rotate the fitter member 72 so that the filter 72b is positioned 
infrortofmeligWrwMivingsuta^ and activates the third laser stimulating ray source 63 Asa 

!-.I Se ' beam ha " n ° a "length of 532 nm is emitted from the third laser stimulating ray source 63. reflected 
by the dichroic mirror 64 and passes through the dichroic mirrors 65. After the beam diameter of the laser beam 3 has 

£2£2?!^l! 8 ** ted by th8 beam expander 7l the taser beam 3 im P fn 0 e6 on the polygon mirror 8. The laser beam 
3 deflected by the polygon mirror 8 passes through the f9 lens 9 and is reflected by the reflecting minor 10. thereby 
impinging upon the transfer support 32. Since the laser beam 3 is scanned on the surface of the transfer support 32 in 
me main scanning direction, while the fluorescent image carrier unit 30 is moved in the sub-scanning direction the 
whole surface of the transfer support 32 is scanned with the laser beam 3 having a wavelength of 532 nm. As a result 
Rhodamine B contained in the transfer support 32 is excited and releases fluorescent light having a peak wavelength 
of 605 nm 

The fluorescent light released from Rhodamine B contained in the transfer support 32 enters the light guide 20 and 
impinges on the fitter 72b via the exit end of the fight guide 20 under repeated total reflection within the light guide 20 
Since the filter 72b has a property to cut off light having a wavelength of 532 nm but transmit light having a wavelength 
longer than 532 nm and the wavelength of the fluorescent fight released from fluorescent dye is longer than that of the 
stimulating ray. only the fluorescent light released from Rhodamine B is photoelectrically detected by the light detector 
21 . The thus obtained electrical signal is amplified by the amplifier 23 so as to produce an electrical signal of a prede- 
termined level and then converted in the NO converter 24 to a digital signal with a scale factor suitable for the signal 
fluctuation width and image data corresponding to one scanning line are stored in the line buffer 25. When the image 
data corresponding to one scanning line have been stored in the line buffer 25. the line buffer 25 outputs the image data 
to the transmitting buffer 26. 

The image data obtained by detecting fluorescent light released from Rhodamine B in this manner is output from 
metransmission buffer 26 to the image processing apparatus 27 and a visual image is displayed on a display means 
such as a CRT. The thus displayed image contains an image of DNA labeled with Rhodamine B and the image data 
produced in the above described manner are stored in the image data storing means (not shown) or analyzed by the 
image analyzing apparatus (not shown) as occasion demands. 

When the excitation of fluorescent dye by the third laser stimulating ray source 63 has been completed, the control 
unit 50 outputs a drive signal to the motor (not shown) to return the fluorescent Image earner unit 30 to its original posi- 
tion. The control unit 50 then outputs a drive signal to the motor 52 to rotate the f Iter member 72 so that the f iter 72c 
is positioned in front of the fight receiving surface of the fight detector 21 and activates the second laser stimulating ray 
source 62. As a result, a laser beam having a wavelength of 473 nm Is emitted from the second laser stimulating ray 
source 62 and reflected by the dichroic mirror 65 and after the beam diameter of the laser beam 3 has been accurately 
adjusted by the beam expander 7. the laser beam 3 impinges on the polygon mirror 8. The laser beam 3 deflected by 
the polygon minor 8 passes through the f6 lens 9 and is reflected by the reflecting minor 10. thereby impinging upon 
the transfer support 32. Since the laser beam 3 is scanned on the surface of the transfer support 32 in the main scan- 
ning direction, while the fluorescent Image carrier unit 30 is moved in the sub-scanning direction, the whole surface of 
the transfer support 32 is scanned with the laser beam 3 having a wavelength of 473 nm. As a result. Fluorescein con- 
tained in the transfer support 32 is excited and releases fluorescent light having a peak wavelength of 530 nm. In this 
embodiment, since the fluorescent dye is stimulated using the second laser stimulating ray source 62 for emitting a 
laser beam 3 having a wavelength of 473 nm the strength of the stimulating ray is higher than that emitted from an LED 
and, therefore, ft is possible to generate a sufficiently great amount of fluorescent light from the fluorescent dye. 

The fluorescent light released from Fluorescein contained in the transfer support 32 enters the light guide 20 and 
impinges on the filter 72c Via the exit end ot the light guide 20 under repeated total reflection within the light guide 20 
Since the filter 72c has a property to cut off light having a wavelength of 473 nm but transmit light having a wavelength 
longer than 473 nm and the wavelength of the fluorescent fight released from fluorescent dye is longer than that of the 
stimulating ray. only the fluorescent light released from Fluorescein is photoelectrically detected by the light detector 21 
The thus obtained electrical signal is amplified by the amplifier 23 so as to produce an electrical signal of a predeter- 
mined level and then converted in the A/D converter 24 to a digital signal with a scale factor suitable fa the signal fluc- 
tuation width and image data corresponding to one scanning line are stored in the line buffer 25. When the imag data 
corresponding to one scanning line have been stored in the line buffer 25. the line butter 25 outputs the image data to 
the transmitting buffer 26. 

The image data obtained by detecting fluorescent light released from Fluorescein in this manner is output from the 
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transmission buffer 26 to the image processing apparatus 27 and a visual image is displayed on a display means such 
as a CRT. The thus displayed image contains an image of DNA labeled with Fluorescein and the Image data produced 
n th above described manner ere stored in the image data storing means (not shown) or analyzed by the image ana- 
lyzing apparatus (not shown) as occasion demands. 
s On the other hand, when an image of locational information regarding a radtoadively labeled substance contained 
in a gene produced by the Southern blot hybridization method and recorded in the stimulate phosphor layer 41 formed 
on the sbrnuiaUe phosphor sheet 42 is to be read, the user first sets the stimulate phosphor sheet unit 40 on the sam- 
ple stage 29 of the image reading apparatus 28 so that the stimulate phosphor layer 41 is directed downwardly and is 
moved to a position where the fluorescent image carrier unit 30 is located in Figure 5. Simultaneously, the user inputs 
io an ins^cbon through the input means 51 that the image carrier is a stimulate phosphor sheet 42. In accordance with 
the 'nsfructton signal input through the input means 51. the control unit 50 outputs a drive signal to the motor 52 to 
rotate the filter member 72 so that the filter 72d is positioned in front of the light receiving surface of the light detector 
21. The control unit 50 then activates the first laser stimulating ray source 61 and turns on the light modulator 4. As a 
result, a laser beam 3 having a wavelength of 633 nm is emitted from the first laser stimulating ray source 61 and 
passes through the light modulator 4. the dichroic mirrors 64, 65 and after the beam diameter of the laser beam 3 has 

^Z^f^^T 1 ** beam flKpander 7 - te8er beam 3 on P°'W° n rnrror 8. The laser beam 

3 deflected by the polygon mirror 8 passes through the fe lens 9 and is reflected by the reflecting mirror io thereby 
imp.ng.ng upon the stimulate phosphor layer 41 formed on the stimulate phosphor sheet 42. Since the laser beam 3 
is s<^ned on me stimulate phosphor layer 41 formed on the stimulate phosphor sheet 42 in the main scanning direc- 
tion indicated by X in Ftgure 5. while the stimulate phosphor unit 40 Is moved In the sub-scanning direction indicated 
by Y in Figure S. the whole surface of the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 is 
scanned with the laser beam 3. 

When the stimulable phosphor layer 41 is scanned with the laser beam 3 having a wavelength of 633 nm in this 
manner, the stimulable phosphor contained in the stimulable phosphor layer 41 formed on the stimulable phosphor 
2S sheet 42 is excHed. thereby releasing stimulated emission. 

The stimulated emission released from the stimulable phosphor enters the light guide 20 and impinges on the filter 
72d via the eat end of the light guide 20 under repeated total reflection within the light guide 20. Since the f itter 72d has 
a property to aRbw only light of the wavelength region of the stimulated emission released from the stimulable phosphor 
to passlhrough and cuts off light having a wavelength of 633 nm, only the stimulated emission released from the stim- 
ulable phosphor is photoelectrical* detected by the light detector 21 . The thus obtained electrical signal is amplified by 
me amplifier 23 so as to produce an electrical signal of a predetermined level and then converted in the A/D converter 
24 to a digital signal with a scale factor suitable for the signal fluctuation width. The image data are further forwarded to 
the image processing apparatus 27 via the line buffer 25 and the transmitting buffer 26. A visual image is displayed on 
a display means such as a CRT based on the image data input to the image processing apparatus 27. The thus pro- 
duced image data are stored in the image data storing means (not shown) or analyzed by the Image analyzing appara- 
tus (not shown) as occasion demands. 

According to the above described embodiment, both the electrophoresis image of DNA labeled with fluorescent 
dyeand recorded in the transfer support 32 and the electrophoresis image of DNA labeled with the radioactively labeled 
substance and recorded in the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 can be read 
by a single image reading apparatus. The efficiency is therefore high. Furthermore, since the fluorescent dye is stimu- 
fated using the second laser stimulating ray source 62 for emitting a laser beam 3 having a wavelength of 473 nm. the 
strength of the stimulating ray is higher than that emitted from an LED and. therefore, it is possible to generate a suffi. 
cientiy great amount of fluorescent light from the fluorescent dye. Moreover, since the third laser stimulating ray source 
63 for emitting a laser beam 3 having a wavelength of 532 nm is provided in addition to the first laser stimulating ray 
source 61 for emitting a laser beam 3 having a wavelength of 633 nm end the second laser stimulating ray source 62 
for emitting a laser beam 3 having a wavelength of 473 nm, the specimen can be labeled by fluorescent dye excitable 
by a laser beam 3 having a wavelength of 532 nm. thereby improving the utility of the fluorescence detecting system 
Further, when the kind of fluorescent dye Is input through the input means 51 . the control unit 50 selects a filter suitable 
tor detecting fluorescent light released from the input fluorescent dye from among the fitters 72a, 72b and 72c and posi- 
ttons it in front of the light detector 21 The control unit 50 then selects a laser stimulating ray source suitable for exciting 
the input fluorescent dye from among the first laser stimulating ray source 61. the second laser stimulating ray source 
62 and the third laser stimulating ray source 63 and causes it to emit a laser beam 3. thereby reading a fluorescent 
•mage. Or when an instruction that the image carrier is a stimulable phosphor sheet 42 is irput through the input means 
xL^if?* 01 mnS06liecta toemr72a suitable for detecting stimulated emission and positions it in front of the light 
detector 21 . The control unit 50 then selects the first laser stimulating ray source 61 and causes it to emit a laser beam 
3. thereby reading a radiation image. Therefore, the operation is very simple and it is possible to eliminate the risk of 
rroneously activating the second laser stimulating ray source 62 or the third laser stimulating ray source 63 when a 
radiation image recorded in th stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 is to be read 
It is therefore possible to eliminate the risk of such an error causing a part of the radiation energy stored in the stimula- 
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We phosphor layer 41 to be released so that the radiation image cannot be accurately read or cannot be read at all as 
the case may be. 

Figure 7 Is a schematic perspective view shewing an image reading apparatus which is a further preferred embod- 
iment of the present invention. 

As shown In Figure 7. the image reading apparatus according to this embodiment includes the first laser stimulating 
ray source 61 . the second laser stimulating ray source 62. the third laser stimulating ray source 63. the fitter 5 and the 
dichroic mirrors 64, 65 similarly to the image reading apparatus shown In Figure 5. However, the image reading appa- 
ratus according to this embodiment is constituted so that both the fluorescent Image carrier unit 30 and the stimulate 
phosphor sheet unit 40 are kept stationary and the whole surface of the transfer support 32 or the stimulate phosphor 
layer 41 of the stimulate phosphor sheet 42 can be scanned with a laser beam 3 by moving an optical head 80 pro- 
vided with a mirror 81 formed with a hole 81 a at the center thereof and a convex fens 82 for converging a laser beam 3 
onto the image carrier. Therefore, a mirror 66 is employed instead of the polygon mirror 8. Further, the image reading 
apparatus is constituted so that fluorescent light emitted from the transfer support 32 or stimulated emission released 
from the stimulable phosphor sheet 42 is reflected by the mirror 81 to the side opposite from the first laser stimulating 
ray source 61 , the second laser stimulating ray source 62 and the third laser stimulating ray source 63 and detected by 
two photomutopUers 84, 85 whose sensitivity characteristics are different from each other. 

Figure 8 is a schematic perspective view showing the mirror 81. As shown in Figure 8, the hole 81a is formed at 
substantially the center of the mirror 81 . Thediameter of the hole 81a is determined so as to transmit a laser beam emit- 
ted from the first laser stimulating ray source 61 . the second laser stimulating ray source 62 or the third laser stimulating 
ray source 63 therethrough but reflect fluorescent light from the transfer support 32 or stimulated emission from the 
stimulable phosphor sheet 42 as much as possible. 

As shown in Figure 7, the laser beam 3 reflected by the mirror 66 enters the optical head 80 and passes through 
the hole 81 a of the mirror 81 . The laser beam 3 is then converged by the convex lens 82 onto the surface of the transfer 
support 32 or the stimulate phosphor sheet 42, thereby exciting fluorescent dye or the stimulable phosphor. Fluores- 
cent light from the transfer support 32 or stimulated emission from the stimulable phosphor sheet 42 is transformed to 
be a parallel light by the convex lens 82. reflected by the mirror 81 and further reflected by a triangular prism 83 in two 
directions to be lead to the first photomultiplier 84 and the second photomultiplier 85. The first photomultiplier 84 con- 
tains a bialkali material based on the compound K^CsSb prepared by activation with oxygen and cesium and can detect 
light having a wavelength of 200 nm to 650 nm with high sensitivity. The second photomultiplier 85 contains a bialkali 
material based on the compound Na 2 KSb prepared by activation with a small amount of cesium and can detect light 
having a wavelength of 200 nm to 850 nm with high sensitivity. Since two photomuftipfiere 84, 85 which can detect light 
of Afferent wavelengths with high sensitivity are provided, the first photomultiplier 84 or the second photomurtiplier 85 
can be selectively used to photoelectrical^ detect light in accordance with the wavelength of light to be detected and 
35 ratus eCtfiCal 8,9081 *° pf0dUCed 66 US6d lmaQe data " ****** taP«*h9 *e sensitivity of the image reading appa- 

As shown in Figure 7, a first f Iter member 86 and a second filter member 87 are disposed in front of the first pho- 
tomultiplier 84 and the second photomultiplier 85. The first filter member 86 is constituted by a rotatable disk provided 
with three filters 86a, 86b and 86c. The filter 86a is used tor reading fluorescent light released from fluorescent dye con- 
tained in the transfer support 32 upon being excited using the second laser stimulating ray source 62 and has a property 
to cut off Tight having a wavelength of 473 nm but transmit light having a wavelength longer than 473 nm. The filter 86b 
is used for reading fluorescent light released from fluorescent dye contained in the transfer support 32 upon being 
excited using the third laser stimulating ray source 63 and has a property to cut off light having a wavelength of 532 nm 
but transmit light having a wavelength longer than 532 nm. The filter 86c is used for reading stimulated emission 
released from the stimulable phosphor sheet 42 when the stimulable phosphor contained in the stimulable phosphor 
layer 41 formed on the stimulable phosphor sheet 42 is excited using the first laser stimulating ray source 61 and has a 
property to allow only light of the wavelength region of the stimulated emission released from the stimulable phosphor 
to pass through and cuts off fight having a wavelength of 633 nm. The second f Uter member 87 is constituted by a rotat- 
able disk provided with two filters 87a and 87b. The fSter 87a is used for reading fluorescent light released from fluores- 
cent dye contained in the transfer support 32 upon being exerted using the first laser stirrulating ray source 61 and has 
a property to cut off light having a wavelength of 633 nm but transmit light having a wavelength longer than 633 nm. The 
filter 87b is used for reading fluorescent light released from fluorescent dye contained in the transfer support 32 upon 
being exerted using the third laser stimulating ray source 63 and has a property to cut off light having a wavelength of 
532 nm but transmit fight having a wavelength longer than 532 nm. Therefore, In accordance with the laser stimulating 
ray sourc© to be employed tor exciting fluorescent dye or a stimulable phosphor, namely, the kind of the image carrier 
and the kind of fluorescent dye, H ss possible to detect only light to be detected with high sensitivity by selectively 
employing the photomultipliers 84, 85. the f iHers 86a, 86b, 86c and the filters 87a, 87b. The first filter member 86 and 
the second filter member 87 can be rotated by a first motor 88 and the second motor 89 respectively. 
Figure 9 is a schematic perspective view showing an optical unit 90 provided with the optical head 80. 
As shown in Figure 9, the optical unit 90 includes a bed 92 movable by a sub-scanning motor 91 In a sub-scanning 
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direction indicated by Y In Figure 9, a main scanning motor 93 fixed on the bed 92. a drive rotating mentor 95 fixed to 
the output shaft 94 of the main scanning motor 93. a driven rotating member 96. a wire 97 wound around the drive rotat- 
ing member 95 and the driven rotating member 96. an optical head stage 99 to which the ends of the wire are f ixed and 
which is movable in a main scanning drrection Indicated by X in Figur 9whil being guided by guide rails 98, and the 

s optical head 80 fixed on the optical head stage 99. A threaded rod 1 00 is fixed to the output shaft (not shown) of the 
sub-scanning motor 91 and the bed 92 can be moved in the sub-scanning direction as the sub-scanning motor 91 
rotates. The first photomultiplier 84. the second photomultiplier 85, the first filter mender 86. the second filter member 
87, the first motor 86 and the second motor 89 are fixed on the bed 92. 

Figure 7 shows an example in which an image of fluorescent dye recorded in the transfer support 32 is to be read. 

io In the case where the image of fluorescent dye is to be read, the kind of fluorescent dye is input by the user through the 
input means 51 and in accordance with the input instruction signal, the control unit 50 activates one among the first 
laser stimulating ray source 61 , the second laser stimulating ray source 62 and the third laser stimulating ray source 63. 
A laser beam 3 emitted from the selected one of the first laser stimulating ray source 61 . the second laser stimulating 
ray source 62 and the third laser stimulating ray source 63 and reflected by the mirror 66 passes through the hole 81a 

is of the mirror 81 and is converged by the convex lens 82 onto the surface of the transfer support 32 on the glass plate 
31. As a result, fluorescent dye contained in the transfer support 32 is excited to release fluorescent light 

The fluorescent light released from the fluorescent dye contained in the transfer support 32 is transformed to be 
parallel light by the convex lens 82 and reflected by the mirror 81 in the direction opposite from the first laser stimulating 
ray source 61. the second laser stimulating ray source 62 and the third laser stimulating ray source 63. The fluorescent 

20 light impinges on the triangular prism 83 and is reflected in two directions. 

In this embodiment DNA fragments of the target gene are also labeled with three kinds of fluorescent dye. namely. 
Fluorescein. R hod amine B and Cy-5, and a fluorescent image is recorded. When the fluorescent images of DNA frag- 
ments of the target gene labeled with Cy-5, Rhodamine B and Fluorescein are read in this order, the user inputs through 
the input means 51 an instruction requesting that the fluorescent images be subsequently read and the kinds of fluo- 

2s rescent dye subsequently read. 

When such instruction signals are input through the input means 51 , in accordance with the instruction signals, the 
control unit 50 outputs a drive signal to the second motor 89 to rotate the second filter member 87 so that the filter 87a 
is positioned in front of the light receiving surface of the second photomultiplier 85. The control unit 50 then activates 
the first laser stimulating ray source 61 and turns on the fight modulator 4. As a result, a laser beam 3 having a wave- 

30 length of 633 nm is emitted from the first laser stimulating ray source 61 and passes through the light modulator 4 and 
the dichrotc mirrors 64, 65. The laser beam 3 is then reflected by the mirror 66 and enters the optical head 80. The laser 
beam 3 entering the optical head 80 passes through the hole 81a of the mirror 81 and is converged by the convex lens 
82 onto the transfer support 32. Since the optical head 80 is moved by the main scanning motor 93 in the main scanning 
direction indicated by X in Figures 7 and 9. while the bed 92 on which the optical head 80 is mounted is moved by the 

35 sub-scanning motor 91 in the sub-scanning direction indicated by Y in Figures 7 and 9, the whole surface of the transfer 
support 32 is scanned with the laser beam 3 having a wavelength of 633 nm. As a result. Cy-5 contained in the transfer 
support 32 is excited to release fluorescent light whose peak wavelength is 667 nm. 

The fluorescent light released from Cy-5 contained in the transfer support 32 is reflected by the mirror 81 and fur- 
ther reflected by the triangular mirror 83 in two directions to be photoelectrically detected by the first photomultiplier 84 

40 and the second photomultiplier 85. 

When an instruction signal requesting that the image of fluorescent dye Cy-5 be read first has been Input through 
the input means 51 , the control unit 50 forwards only an electrical signal produced by photoelectrically detecting the flu- 
orescent light by the second photomultiplier 85 to the line buffer 25 via the amplifier 23 and the A/D converter 24 and 
image data correspond ng to one scanning Hne are stored in the line buffer 25. When the image data correspond ng to 
45 one scanning line have been stored in the line buffer 25, the image data are output from the line buffer 25 to the trans- 
mission buffer 26. 

The image data obtained by detecting the fluorescent light released from Cy-5 are output from the transmission 
buffer 26 to the image processing apparatus 27 and a visual image is displayed on a display means such as a CRT The 
thus displayed image contains the image of DNA labeled with Cy-5 and the image data produced in this manner are 

so stored in an image data storing means (not shown) or analyzed by an image analyzing apparatus (not shown). 

When the excitation by the first laser stimulating ray source 61 has been completed, the control unit 50 turns off the 
light modulator 4 and cuts the laser beam 3 emitted from the first laser stimulating ray source 61 . The control unit 50 
outputs a drive signal to the sub-scanning motor 91 to return the bed 92 to its original position and outputs a drive signal 
to the main scanning motor 93 to return the optical head 80 to its original position. The control unit 50 then outputs a 

55 drive signal to the first motor 88 to rotate the first filter member 86 so that the filter 86b is positioned in front of the light 
receiving surface of the first photomultiplier 84 and activates the third laser stimulating ray source 63. As a result, a laser 
beam 3 having a wavelength of 532 nm is emitted from the third laser stimulating ray source 63 and is reflected by the 
dichroic mirror 64. After the laser beam 3 has passed through the dichroic mirror 65, it is then reflected by th mirror 66 
and enters the optical head 80. The laser beam 3 entering the optical head 80 passes through the hole 81 a of the mirror 
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81 and is converged by the convex lens 82 onto the transfer support 32. Since the optica) head 80 is moved by the main 
scanning motor 93 In the main scanning direction indicated by X in Figures 7 and 9. while the bed 92 on which the opti- 
cal head 80 is mounted is moved by the sub-scanning motor 91 in the 6ub-scanning direction indicated by Y In Figures 
7 and 9. the whole surface of the transfer support 32 is scanned with the laser beam 3 having a wavelength of 532 nm. 

5 As a result Rhodamine B contained in the transfer support 32 is excited to release fluorescent light whose peak wave- 
length is 605 nm. 

The fluorescent light released from Rhodamine B contained in the transfer support 32 is reflected by the mirror 81 
and further reflected by the triangular mirror 83 in two directions to be photoelectrically detected by the f rst photomul- 
tiplier 84 and the second photomultipiier 85. 

10 When an Instruction signal requesting that the image of fluorescent dye Rhodamine 6 be read after reading the flu- 
orescent image of Cy-5 has been input through the input means 51 , the control unit 50 forwards only an electrical signal 
produced by photoelectrically detecting the fluorescent tight by the first photomuJtplier 84 to the Kne buffer 25 via the 
amplifier 23 and the A/D converter 24 and image data corresponding to one scanning line are stored in the Kne buffer 
25. When the image data corresponding to one scanning line have been stored in the line buffer 25. the image data are 

is output from the line buffer 25 to the transmission buffer 26. 

The image data obtained by detecting the fluorescent fight released from Rhodamine B are output from the trans- 
mission buffer 26 to the image processing apparatus 27 and a visual image is displayed on a display means such as a 
CRT. The thus displayed image contains the image of DNA labeled with Rhodamine Band the image data produced in 
this manner are stored in an image data storing means (not shown) or analyzed by an image analyzing apparatus (not 

20 shown). 

When the excitation by the third laser stimulating ray source 63 has been completed, the control unit 50 outputs a 
drive 6ignal to the sub-scanning motor 91 to return the bed 92 to its original position and outputs a drive signal to the 
main scanning motor 93 to return the optical head 80 to its original position. The control unit 50 then outputs a drive 
signal to the first motor 88 to rotate the f irstfilter member 86 so that the filter 86a is positioned in front of the light receiv- 
es ing surface of the first photomultipiier 84 and activates the second laser stimulating ray 6ource 62. As a result, a laser 
beam 3 having a wavelength of 473 nm is emitted from the second laser stimulating ray source 62 and is reflected by 
the dichroic mirror 65. The laser beam 3 is then reflected by the mirror 66 and enters the optical head 80. The laser 
beam 3 entering the optical head 80 passes through the hole 81a of the mirror 81 and is converged by the convex lens 

82 onto the transfer support 32. Since the optical head 80 is moved by the main scanning motor 93 in the main scanning 
30 direction indicated by X in Figures 7 and 9. while the bed 92 on which the optical head 80 is mounted is moved by the 

sub-scanning motor 91 in the sub-scanning direction indicated by Y in Figures 7 and 9 t the whole surface of the transfer 
support 32 is scanned with the laser beam 3 having a wavelength of 473 nm. As a result, Fluorescein contained in the 
transfer support 32 is excited to release fluorescent light whose peak wavelength is 530 nm. In this embodiment since 
the fluorescent dye is stimulated using the second laser stimulating ray source 62 for emitting a laser beam 3 having a 

3s wavelength of 473 nm, the strength of the stimulating ray is higher than that emitted from an LED and, therefore, it is 
possible to generate a sufficiently great amount of fluorescent light from the fluorescent dye. 

The fluorescent light released from Fluorescein contained in the transfer support 32 is reflected by the mirror 81 
and further reflected by the triangular mirror 83 in two directions to be photoelectrically detected by the first photomul- 
tipiier 84 and the second photomultipiier 85. 

40 When an instruction signal requesting that the image of fluorescent dye Fluorescein be read last has been input 
through the input means 51 , the control unit 50 forwards only an electrical signal produced by photoelectrically detect- 
ing the fluorescent light by the first photomultipfier 84 to the tine buffer 25 via the anpWier 23 and the A/D converter 24 
and image data corresponcfing to one scanning line are stored in the line buffer 25. When the image data corresponding 
to one scanning line have been stored in the line buffer 25, the image data are output from the line buffer 25 to the trans- 

45 mission buffer 26. 

The image data obtained by detecting the fluorescent light released from Fluorescein are output from the transmis- 
sion buffer 26 to the image processing apparatus 27 and a visual image is dspiayed on a display means such as a CRT. 
The thus displayed image contains the image of DNA labeled with Fluorescein and the image data produced in this 
manner are stored in an image data storing means (not shown) or analyzed by an image analyzing apparatus (not 
so shown). 

On the other hand, when a radiation image, an autoradiographic image, a radiographic diffraction image or an elec- 
tron microscopic image of an object recorded in a stimulable phosphor layer 41 of the stimulable phosphor sheet 42 is 
read out instead of the fluorescent image carrier unit 30, the stimulable phosphor sheet unit 40 is set In the image read- 
ing apparatus 28 and the stimulable phosphor sheet 42 formed with the stimulable phosphor layer 41 recording toca- 
» tional information regarding a radioactively labeled substance contained in a gene produced by the Southern Wot 
hybridization method is scanned with the laser beam 3. 

When a radiation image is read from the stimulable phosphor sheet 42 recording locational information regarding 
a radioactively labeled substance in a specimen, the user inputs an instruction that the image carrier is a stimulable 
phosphor sheet 42. As a result, the control unit 50 outputs a drive signal to the first motor 88 to rotate the first filter mem- 
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ber 86 60 that the filter 86c is positioned in front of the light receiving surface of the first photomultiplier 84. The control 
unit 50 then activates the first laser stimulating ray source 61 and turns on the light modulator 4. As a result, a laser 
beam emitted from the first laser stimulating ray source 61 passes through the light modulator 4 and the hole 81a 
formed in the mirror 81 of the optical head 80 and is converged by the convex lens 82 onto the surface of the stimulable 

5 phosphor layer 41 formed on the stimulable phosphor sheet 41 , whereby the surface of the stimulabl phosphor layer 
41 is scanned with the laser beam 3 having a wavelength of 633 nm in the same manner as the transfer support 32 and 
the stimulable phosphor contained in the stimulable phosphor layer 41 is excited by the laser beam 3 to release stimu- 
lated emission. The stimulated emission is transformed to parallel light by the convex lens 82 and is reflected by the 
mirror 81 . The stimulated emission is further reflected by the triangular prism 83 in two directions and photoelectrical 

70 detected by the first photomultipiier 84 and the second photomultiplier 85. 

When the instruction that the image carrier is a stimulable phosphor 42 has been input through the input means 51 , 
the control unit 50 forwards only an electrical signal produced by photoelectrical^ detecting the stimulated emission by 
the first photomultiplier 84 to the line buffer 25 via the amplifier 23 and the A/D converter 24 and image data correspond- 
ing to one scanning line are 6tored in the line buffer 25. When the image data corresponding to one scanning line have 

is been stored in the tine buffer 25, the image data are output from the line buffer 25 to the transmission buffer 26. 

The image data obtained by detecting the stimulated emission released from the stimulable phosphor contained in 
the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 are output from the transmission buffer 
26 to the image processing apparatus 27 and a visual image is displayed on a display means such as a CRT The thus 
displayed image contains the image of DMA labeled with the radioactively labeled substance and the image data pro- 

20 duced in this manner are stored in an Image data storing means (not shown) or analyzed by an image analyzing appa- 
ratus (not shown). 

According to the above described embodiment both the electrophoresis image of DNA labeled with fluorescent 
dye and recorded in the transfer support 32 and the electrophoresis image of DNA labeled with the radioactively labeled 
substance and recorded in the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 can be read 

25 by a single image reading apparatus. The efficiency is therefore high. Further, in this embodiment the laser beam 3 
emitted from the first laser stimulating ray source 61 , the second laser stimulating ray source 62 or the third laser stim- 
ulating ray source 63 passes through the hole 81a formed in the mirror 81 of the optical head 80 and is converged by 
the convex lens 82 onto the surface of the transfer support 32 or the stimUable phosphor layer 41 . The surface of the 
transfer support 32 or the stimulable phosphor layer 41 is scanned with the laser beam 3 by moving the optical head 80 

30 in both the main scanning direction and the sub-scanning direction, whereby fluorescent light or stimulated emission is 
released from the transfer support 32 or the stimulable phosphor layer 41 . The fluorescent light or the stimulated emis- 
sion is reflected by the mirror 61 in the direction opposite from the first laser stimulating ray source 61 , the second laser 
stimulating ray source 62 and the third laser stimulating ray source 63 and photoelectrical!/ detected by the first photo- 
multiplier 84 and the second photomultiplier 85. Therefore, according to this embodiment, even if the second harmonic 

35 generation element capable of emitting a stimulating ray having high strength is used instead of an LEO as the second 
laser stimulating ray source 62 or the third laser stimulating ray source 62, the surface of the transfer support 32 or the 
stimulable phosphor layer 41 can be scanned with the laser beam 3 with a simple structure and at high speed and. 
therefore, detection sensitivity can be markedly improved. Furthermore, since fluorescent dye contained in the transfer 
support 32 is excited using the first laser stimulating ray source 61 for emitting a laser beam 3 having a wavelength of 

40 633 nm. the second laser stimulating ray source 62 for emitting a laser beam 3 having a wavelength of 473 nm and the 
third laser stimulating ray source 63 for emitting a laser beam 3 having a wavelength of 532 nm and a fluorescent image 
recorded in the transfer support 32 is reed by a single image reading apparatus, it is possible to label a specimen with 
fluorescent dye excitable with a laser beam 3 having a wavelength of 633 nm, fluorescent dye excitable with a laser 
beam 3 having a wavelength of 532 nm and fluorescent dye excitable with a laser beam 3 having a wavelength of 473 

45 nm and the utility of the fluorescence detecting system can be improved. Further, since the first photomultiplier 84 and 
the second photomultiplier 85 differing in sensitivity are provided, fluorescent light and stimulated emission can be 
detected with high sensitivity. Furthermore, when the kind of fluorescent dye is input through the input means 51 , the 
control unit 50 selects whichever of the first photomultiplier 84 and the second photomultiplier 85 is suitable for detecting 
fluorescent light released from the specified fluorescent dye and rotates the first filter member 86 or the second filter 

50 member 87 to select a filter suitable for detecting fluorescent light released from the specified fluorescent dye from 
among the filters 86a, 86b, 86c and 87a, 87b and position it in front of the first photomultiplier 84 or the second photo- 
multiplier 85. The control unit 50 then selects a laser stimulating ray source suitable for exciting the specified fluorescent 
dye forming a fluorescent image to be read from among the first laser stimulating ray source 61 , the second laser stim- 
ulating ray source 62 and the third laser stimulating ray source 63 and causes it to emit a laser beam 3, thereby reading 

55 a fluorescent image. Or when an instruction that the image carrier is a stimulable phosphor sheet 42 is input through 
the input means 51 , the control unit 50 selects the first photomultiplier 84 suitable for detecting stimulated emission and 
rotates the first filter member 86 to position the filter 86c in front of the first photomultiplier 84. The control unit 50 then 
activates the first laser stimulating ray source 61 suitable tor exciting the stimulable phosphor and causes it to emit a 
laser beam 3, thereby reading a radiation image. Therefore, the operation is very simple and it is possible to eliminate 
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the risk of erroneously activating the second laser stimulating ray source 62 or the third laser stimulating ray source 63 
when a radiation Image recorded (n the stimulate phosphor layer 41 formed on the stimulate phosphor sheet 42 is to 
be read. It Is therefore possMe to eliminate the risk of such an error causing a part of radiation energy stored in the 
sti mulatto phosphor layer 41 to be released so that the radiation image cannot be accurately read or cannot be read at 
5 all as the case may be. 

Figure 1 0 is a schematic perspective view showing an image reading apparatus which is a further preferred embod- 
iment of the present invention. 

As 6hown in Figure 10, similarly to the image reading apparatus shown in Figure 7. the image reading apparatus 
according to this embodiment includes the first laser stimulating ray source 61, the second laser stimulating ray source 

io 62, the third laser stimulating ray source 63, the filter 5, the dlchroic mirrors 64 and 65, the mirror 66, and the optical 
head 80 provided with the minor and the convex lens 82. However, a6 6hown in Figure 1 1 , the image reading apparatus 
according to this embodiment is different from that shown in Figure 7 in that, instead of the mirror 81 formed with the 
hole 81a. a mirror 101 is used, which is formed with a coating portion 101a having a coating capable of transmitting a 
laser beam 3 emitted from the first laser stimulating ray source 61, the second laser stimulating ray source 62 or the 

15 third laser stimulating ray source 63 and fluorescent light from the transfer support 32 or stimulated emission from the 
stimulate phosphor sheet 42 is reflected by the mirror 101 and photoelectrically detected by four photomultipiiers 105. 
106, 107 and 108. 

Figure 10 also shows an example in which an image of fluorescent dye recorded in the transfer support 32 is to be 
read. In this case, the kind of fluorescent dye is input by the user through the input means 51 and in accordance with 

20 the input instruction signal, the control unft 50 activates one of the first laser stimulating ray source 61 , the second laser 
stimulating ray source 62 and the third laser stimulating ray source 63. A laser beam 3 emitted from one of the first laser 
stimulating ray source 61, the second laser stimulating ray source 62 and the third laser stimulating ray source 63 and 
reflected by the mirror 66 passes through the coating portion 101a formed in the mirror 101 and is converged by the 
convex lens 82 onto the surface of the transfer support 32 on the glass plate 31 . As a result, fluorescent dye contained 

25 in the transfer support 32 is excited to release fluorescent light. 

The fluorescent light released from the fluorescent dye contained in the transfer support 32 is transformed to be 
parallel light by the convex lens 82 and reflected by the mirror 101 in the direction opposite from the first laser stimulat- 
ing ray source 61. the second laser stimulating ray source 62 and the third laser stimulating ray source 63. The fluores- 
cent light impinges on a triangular cone mirror 1 10 and is reflected in three directions. 

30 As shown in Figure 12, the triangular cone mirror 1 10 is mounted on a disk 11 2 rotataWe by a motor 1 1 1 and the 
disk 1 12 is formed with a hole 1 13 through which fluorescent light or stimulated emission reflected by the mirror 101 
can pass. The motor 1 1 1 is driven by the control unit 50 and rotates the disk 1 12 so that when a fluorescent image 
recorded in the transfer support 32 is read, the triangular cone mirror 1 1 0 is positioned in the optical path of the fluores- 
cent light reflected by the mirror 101 and that when a radiation image recorded in the stirnulable phosphor layer 41 is 

35 read, the hole 1 13 Is positioned in the optical path of the fluorescent light reflected by the mirror 101. 

The fluorescent light reflected by the triangular cone mirror 1 10 in three directions is received by the first photom- 
ultipfier 105, the second photomultipHer 106 and the third photomultiplier 107. Afilter 120a is disposed in front of the 
first photomultiplier 105 for cutting off light having a wavelength of 473 nm but transmitting light having a wavelength 
longer than 473 nm and a filter 120b is disposed In front of the second photomultiplier 106 for cutting off light having a 

40 wavelength of 532 nm but transmitting light having a wavelength longer than 532 nm. A filter 120c is further disposed 
in front of the third photomultiplier 107 tor cutting off light having a wavelength of 633 nm but transmitting light having a 
wavelength longer than 633 nm. 

The fourth photomultiplier 108 is dsposed in an extending portion of the optical path of the fluorescent Tight or the 
stimulated emission reflected by the mirror 101. A titer I20d is disposed in front of the fourth photomuttipfier 108 for 

45 allowing only light of the wavelength region of the stimulated emission released from the stirnulable phosphor to pass 
through and cutting off light having a wavelength of 633 nm. 

In the thus constituted image reading apparatus according to this embodiment, even when DNA fragments of the 
target gene distributed on the transfer support 32 are labeled with three kinds of fluorescent dye. Fluorescein, Rhodam- 
ine B and Cy-5, it is possible to read images of the respective fluorescent dyes by only once moving the transfer support 

so in the sub-scanning direction and exciting the fluorescent dye using a differ en1 laser stimulating ray source every scan- 
ning line. 

Mae specifically, when the user inputs through the input means 51 an instruction signal requesting that the fluo- 
rescent images of Cy-5. Rhodamine B and Fluorescein be read in this order and that a different laser stimulating ray 
source be used for excitation every scanning line, the control unit 50 first outputs a drive signal to the motor 1 1 1 to rotate 
55 the disk 112 so that the triangular cone mirror 1 10 is positioned in the optical path of fluorescent light reflected by the 
mirror 101. The control unit 50 then activates the first laser stimulating ray source 61 and turns on the light modulator 
4. As a result, a laser beam 3 having a wavelength of 633 nm is emitted from the first laser stimulating ray source 61 
and passes through the light modulator 4 and the dichroic mirrors 64, 65. The laser beam 3 is then reflected by the mir- 
ror 66 and enters the optica] head 80. The laser beam 3 impinging on the optical head 80 passes through the coating 
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portion 101a of the mirror 101 and is converged by the convex lens 82 onto the surface of the transfer support 32. Since 
the optical head 80 Is moved by the main scanning motor 93 in the main scanning direction indicated by X in Figure 10. 
the transfer support 32 is scanned with the laser beam 3 having a wavelength of 633 nm by one scanning line. As a 
result C-5 contained in the transfer support 32 is excited to release fluorescent light whose peak wavelength is 667 nm. 

s Th fluorescent light released from Cy-5 contained in the transfer support 32 is transformed by the convex lens 82 
to be parallel light, reflected by the mirror 101 and further reflected by the triangular cone mirror 1 1 0 in three directions. 
The fluorescent light reflected by the triangular cone mirror 1 10 is photoelectrical^ detected by the first photomultiplier 
105. the second photomultiplier 106 and the third photomultiplier 107. Since the fitter 120s cuts off light having a wave- 
length of 473 nm and transmits light having a wavelength longer than 473 nm. the first photomultiplier 105 receives only 

io fluorescent fight having a wavelength longer than 473 nm. Since the filter 120b cuts off light having a wavelength of 532 
nm and transmits fight having a wavelength longer than 532 nm, the second photomultplier 106 receives only fluores- 
cent light having a wavelength longer than 532 nm. Since the filter 120c cuts off light having a wavelength of 633 nm 
and transmits light having a wavelength longer than 633 nm, the third photomultiplier 107 receives only fluorescent light 
having a wavelength longer than 633 nm. 

is When an instruction signal requesting that an image of Cy-5 be read has been input through the input means 51 , 
the control unit 50 forwards only the electrical signal produced by photoelectrical^ detecting by the third photomultiplier 
1 07 to the transmission buffer 26 via the amplifier 23. the A/D converter 24 and the line buffer 25 and stores image data 
corresponding to one scanning line therein. 

The control unit 50 then turns off the light modulator 4 to cut the laser beam 3 emitted from the first laser stimulating 

20 ray source 61 and outputs a drive signal to the motor 91 to move the optical unit 90 in the sub-scanning direction indi- 
cated by Y in Figure 10 by one scanning fine. When the control unit 50 further activates the third laser stimulating ray 
source 63. a laser beam 3 having a wavelength of 532 nm is emitted from the third laser stimulating ray source 63. The 
laser beam 3 is reflected by the cfichroic mirror 64 and passes through the dichroic mirror 65. The laser beam 3 is then 
reflected by the mirror 66 and enters the optical head 80. The laser beam 3 entering the optical head 80 passes through 

25 the coating portion 101a of the mirror 101 and is converged by the convex lens 62 onto the surface of the transfer sup- 
port 32. Since the optical head 80 is moved by the main scanning motor 93 in the main scanning direction indicated by 
X in Figure 10, the transfer support 32 is scanned with the laser beam 3 having a wavelength of 532 nm by one scan- 
ning Kna As a result. Rhodamine B contained in the transfer support 32 is excited to release fluorescent light whose 
peak wavelength is 605 nm. 

30 The fluorescent light released from Rhodamine B contained in the transfer support 32 is transformed by the convex 
lens 82 to be parallel light reflected by the mirror 101 and further reflected by the triangular cone mirror 1 10 in three 
directions. 

When an instruction signal requesting that an image of Rhodamine B be read after reading an image of Cy-5 has 
been input through the input means 51 , the control unit 50 forwards only the electrical signal produced by photoelectri- 

55 cally detecting by the second photomultiplier 106 to the transmission buffer 26 via the amplifier 23. the A/D converter 
24 and the line buffer 25 and stores image data corresponding to one scanning fine therein. 

The control unit 50 further outputs a drive signal to the sub-scanning motor 91 to move the optical unit 90 in the 
sub-scanning direction indicated by Y in Figure 10 by one scanning line and activates the second laser stimulating ray 
source 62. As a result, a laser beam 3 having a wavelength of 473 nm is emitted from the second laser stimulating ray 

40 source 62. The laser beam 3 is reflected by the dichroic mirror 65 and further reflected by the mirror 66 to enter the opti- 
cal head 80. The laser beam 3 entering the optical head 80 passes through the coating portion 101a of the mirror 101 
and is converged by the convex lens 82 onto the surface of the transfer support 32. Since the optical head 80 is moved 
by the main scanning motor 93 in the main scanning direction indicated by X in Figure 10, the transfer support 32 is 
scanned with the laser beam 3 having a wavelength of 473 nm by one scanning Tina As a result, Fluorescein contained 

45 in the transfer support 32 is excited to release fluorescent light whose peak wavelength is 530 nm. In this embodiment, 
since fluorescent dye is excited using the second laser stimulating ray source 62 for emitting the laser beam 3 having a 
wavelength of 473 nm, the strength of the stimulating ray is higher than that emitted from an LED and, therefore, it is 
possible to release a sufficient amount of fluorescent light from the fluorescent dye. 

The fluorescent light released from Fluorescein contained in the transfer support 32 is transformed by the convex 

so lens 82 to be parallel light reflected by the mirror 101 and further reflected by the triangular cone mirror 110 in three 
directions. 

When an instruction signal requesting that an image of Fluorescein is read after reading an image of Rhodamine 
B has been input through the input means 51 , the control unit 50 forwards only the electrical signal produced by photo- 
electrtcally detecting by the first photomultiplier 105 to the transmission buffer 26 via the amplifier 23, the A/D converter 
55 24 and the line buffer 25 and stores image data corresponding to one scanning line therein. 

The fluorescent dye contained in the transfer support 32 is repeatedly excited, scanning line by scanning One, using 
laser stimulating ray sources in the order of the first laser stimulating ray 60urce 61 . th third laser stimulating ray source 
63 and the second laser stimulating ray source 62 in this manner and image data are produced by detecting fluorescent 
light released upon excitation. The thus produced image data are output from the transmission buffer 26 to the image 
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processing apparatus 27 and a visual image is displayed on ihe display means 6uch as a CRT. The image displayed in 
this manner contains Images of DNA labeled with Cy-5, Rhodamine B and Fluorescein every three scanning lines. 

On the other hand, when a radiation image, an autoradiographic image, a radiographic diffraction image or an elec- 
tron microscopic image of an object recorded in a stimulable phosphor layer 41 of the stimulate phosphor sheet 42 is 

s read out Instead of the fluorescent image carrier unit 30. the stimulable phosphor sheet unit 40 shown in Figure 2 is set 
in the image reading apparatus 28 and the stimulable phosphor sheet 42 formed with the stirrulable phosphor layer 41 
recording locational information regarding a radioactively labeled substance contained in a gene produced by the 
Southern blot hybridization method is scanned with a laser beam 3. 

When an image is read from the stimulable phosphor sheet 42 recording locational Information regarding a radio- 

io actively labeled substance in a specimen, the user inputs an instruction that the image carrier is a stimulable phosphor 
sheet 42. As a result the control unit 50 outputs a drive signal to the motor 1 1 1 to rotate the disk 1 1 2 so that the hole 
1 1 3 is positioned in an optical path of stimulated emission released from the stimulable phosphor layer 41 and reflected 
by the mirror 101 . The control unit SO then activates the first laser stimulating ray source 61 and turns on the light mod- 
ulator 4. As a result the surface of the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 is 

is scanned in the same manner as the transfer support 32 with a laser beam 3 having a wavelength of 633 nm and the 
stimulable phosphor contained in the stimulable phosphor layer 41 is exerted by the laser beam 3 to release stimulated 
emission. The stimulated emission is transformed by the convex lens 82 to be parallel light and reflected by the mirror 
101. The stimulated emission passes through the hole 1 1 3 of the disk 1 12 and light having a wavelength of 633 nm is 
cut off by the titer 1 20d disposed in front of the fourth photomuttiptier 1 06. Therefore, only light of the wavelength region 

20 of the stimulated emission is photoeJectrically detected by the fourth photomuf tipiier 1 08. 

An electrical signal produced by photoelectrical ly detecting the stimulated emission is forwarded via the amplifier 
23. the A/D converter 24. the line buffer 25 and the transmission buffer 26 to the image processing apparatus 27 as 
image data. 

According to the above described embodiment both the electrophoresis image of DNA labeled with fluorescent 

25 dye and recorded in the transfer support 32 and the electrophoresis image of DNA labeled with the radioactively labeled 
substance end recorded in the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 can be read 
by a single image reading apparatus. The efficiency is therefore high. Further, in this embodiment the laser beam 3 
emitted from the first laser stimulating ray source 61, the second laser stimulating ray source 62 or the third laser stim- 
ulating ray source 63 passes through the coating portion 101a formed in the mirror 101 of the optical head 80 and is 

30 converged by the convex lens 82 onto the surface of the transfer support 32 or the stimulable phosphor layer 41 . The 
surface of the transfer support 32 or the stimulable phosphor layer 41 is scanned with the laser beam 3 by moving the 
optical head 80 in both the main scanning direction and the sub-scanning direction, whereby fluorescent light or stimu- 
lated emission is released from the transfer support 32 or the stimulable phosphor layer 41 . The fluorescent light or the 
stimulated emission is reflected by the mirror 101 in the direction opposite from the first laser stimulating ray source 61 . 

35 the second laser stimulating ray source 62 and the third laser stimulating ray source 63 and photoeJectrically detected 
by the first photomuttiplier 1 05. second photo multiplier 106 and the third photomuttiplier 107 or the fourth photomultiplier 
108. Therefore, according to this embodiment even if the second harmonic generation element capable of emitting a 
stimulating ray having high strength is used instead of an LED as the second laser stimulating ray source 62 or the third 
laser stimulating ray source 63. the surface of the transfer support 32 or the stimulable phosphor layer 41 can be 

40 seamed with the laser beam 3 with a simple structure and at high speed and. therefore, detection sensitivity can be 
markedly improved. Furthermore, since fluorescent dye contained in the transfer support 32 is excited using the first 
laser stimulating ray source 61 for emitting a laser beam 3 having a wavelength of 633 nm. the second laser stimulating 
ray source 62 for emitting a laser beam 3 having a wavelength of 473 nm and the third laser stimulating ray source 63 
for emitting a laser beam 3 having a wavelength of 532 nm and a fluorescent image recorded in the transfer support 32 

45 is read by a single image rearing apparatus, it is possible to label a specimen with fluorescent dye excitable with a laser 
beam 3 having a wavelength of 633 nm, fluorescent dye excitable with a laser beam 3 having a wavelength of 532 nm 
and fluorescent dye excitable with a laser beam 3 having a wavelength of 473 nm and the utility of the fluorescence 
detecting system can be improved. Further, since the three photomuttipliers 105, 106 and 107 for detecting fluorescent 
light are provided and the electrophoresis image of DNA fragments labeled with three kinds of fluorescent dye and 

so recorded in the transfer support 32 can be read by a single sub-scanning operation, it is possible to efficiently read 
images of fluorescent dye. Moreover, when the kind of fluorescent dye is input through the input means 51. the control 
unit 50 selects the laser stimulating ray source suitable for exciting the specified fluorescent dye forming a fluorescent 
image to be read from among the first laser stimulating ray source 61 , the second laser stimulating ray source 62 and 
the third laser stimulating ray source 63 and causes it to emit a laser beam 3, thereby reading a fluorescent image and 

55 only the electrical signal produced by the light detector suitable for detecting fluorescent light released from the speci- 
fied fluorescent dye and selected from among the photomultipliers 105, 106 and 107 is used as image data. Or when 
an instruction that the image carrier is a stimulate phosphor sheet 42 is input through the input means 51 . the control 
unit 50 selects the first laser stimulating ray source 61 suitable for exciting the stimulable phosphor and only an electri- 
cal signal produced by detecting stimulated emission released upon the excitation of the stimulable phosphor layer 41 
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with the laser beam 3 by the photomultiplier 108 is used as image data. Therefore, the operation is very single and it 
is possible to eliminate the risk of erroneously activating the second laser stimulating ray source 62 or the third laser 
stimulating ray source 63 when a radiation image recorded in the stimulable phosphor layer 41 formed on the stimulate 
phosphor sheet 42 is to be read. It is therefore possible to eliminate the risk of such an error causing a part of radiation 
energy stored in the stimulate phosphor layer 41 to be released so that the radiation image cannot accurately be read 
or cannot be read at ail as the case may be. 

TThe present invention has thus been shown and described with reference to specific embodiments. However, it 
should be noted thai the present Invention is In no way limited to the details of the described arrangements but changes 
and modifications may be made without departing from the scope of the appended claims. 

For example, in the above descrbed embodiments, the electrophoresis image of gene obtained by Southern Wot 
hybridization method is recorded in the transfer support 32 in accordance with a fluorescent detection system and is 
recorded in the stimulate phosphor layer 41 formed on the stimulate phosphor sheet 42 in accordance with the auto- 
radiographic system and these images are photoelectrical^ read out. However, the present invention is not limited to 
such image reading but can also be applied to various other types of image reading. Specifically, the present invention 
can also be applied to reading of other images of fluorescent substances recorded in a gel support or a transfer support 
in accordance with the fluorescent detection system or images for the separation or identification of protein or the esti- 
mation of molecular weight or properties of protein or the like, autoradiographic images of a protein produced by thin 
layer chromatography (TLC) and recorded in the stimulate phosphor layer 41 formed on the stimulable phosphor sheet 
42 an autoradiographic image proceed by polyacrylamide gel electrophoresis for the separation or identification of 
protein or the estimation of molecular weight or properties of protein or the like and recorded in the stimulable phosphor 
layer 41 formed on the stimulable phosphor sheet 42. and an autoradiographic image recorded in the stimulable phos- 
phor layer 41 formed on the stimulable phosphor sheet 42 tor studying the metabolism, absorption, excretion path and 
state of a substance introduced into a test mouse. Further, the present invention is applicable to reading of an electron 
beam transmission image or an electron beam diffraction image of a metal or nonmetal produced by an electron micro- 
25 scope and an electron microscope image of tissue of an organism recorded in the stimulable phosphor layer 41 formed 
on the stimulable phosphor sheet 42. and a radiographic diffraction image of a metal or nonmetal recorded in the stim- 
ulable phosphor layer 41 formed on the stimulable phosphor sheet 42. 

Further, in the above descrbed embodiments shown in Figures 5. 7 and 1 0. although the image reading apparatus 
includes the third laser stimulating ray source 63, the third laser stimulating ray source 63 is not absolutely necessary 
so Furthermore, in the above described embodiments, although the He-Ne laser is used as the first laser stimulating 
ray source 1. 61. a semiconductor laser diode may be employed instead of the He-Ne laser. 

Moreover, in the above described embodiments, although the laser beam source tor emitting a laser beam 3 having 
a wavelength of 473 nm is used as the second laser stimulating ray source 2. 62, a laser beam source for emitting a 
laser beam 3 having a wavelength of 470 nm to 480 nm may be used for the second laser stimulating ray source 2 62 
35 Further, in the above described embodiments, although the second harmonic generation element is employed for 
the laser stimulating ray source 2, 62 for emitting a laser beam 3 having a wavelength of 473 nm and the laser stimu- 
lating ray source 63 for emitting a laser beam 3 having a wavelength of 532 nm, other laser sources may be enployed 
therefor. 

Furthermore, in the above described embodiment shown in Figures 5. 7 and 10. although the laser beam source 
40 for emitting a laser beam 3 having a wavelength of 532 nm is used as the second laser stimulating ray source 63. a laser 
beam source for emitting a laser beam 3 having a wavelength of 530 nm to 540 nm may be used for the second laser 
stimulating ray source 63. 

Moreover, in the above described embodiments, although the fight guide 20 made by processing a non-fluorescent 
glass or the fike is employed, the light guide is not limited to one made of a non-fluorescent glass but a fight guide made 
4S by processing synthesized crystal, a transparent sheet such as an acrylic synthetic resin sheet or the like may be used. 
Further, in the above described embodiments, although the stimulable phosphor sheet unit 40 is provided with the 
support plate 43 made of aluminum, the material of the support plate is not limited to aluminum but the support plate 
43 may be formed of other metals or plastics. 

Furthermore, in the above described embodiments, although the gum-like magnetic sheet is adhered to the sup- 
so port plate 43. so long as the magnetic layer formed on the stimulable phosphor sheet 42 can be attracted by a magnetic 
force and the stimulable phosphor sheet 42 can be integrally fixed onto the support plate 43, other methods such as a 
method of embedding magnets into the support plate 43 can be employed instead of adhering the gum-like magnetic 
sheet onto the support plate 43. 

Moreover, in the embodiment shown in Figure 7, fluorescent dye is excited with the laser beam 3 havlrxj a wave- 
55 length of 532 nm and fluorescent light released from the fluorescent dye and having the peak wavelength of 605 nm is 
photoelectrically detected by the first photomultiplier 84. However, H is not necessary for the fluorescent light released 
from fluorescent dye excitable with the laser beam 3 having a wavelength of 532 nm to be photoelectrically detected by 
the first photomultiplier 84. In the case where the peak wavelength of the fluorescent light released from fluorescent dye 
excitable with the laser beam 3 having a wavelength of 532 nm is located on longer wavelength side, it may be photo- 
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electrically detected by toe second photomuftiplier 85 and this is more advantageous. 

Further, in the embodiment shown In Figure 10, fluorescent dye contained fn the transfer support 32 is excited 
using different laser stimulating ray sources every scanning line. However, fluorescent dye contained in the transfer sup- 
port 32 can be excited using different laser stimulating ray sources every pixel or every several pixels and fluorescent 
dye contained in the transfer support 32 can be excited by an arbitrary method as occasion demands. 

Furthermore, in the embodiments shown in Figures 5. 7 and 10. when a fluorescent image recorded in the transfer 
support 32 ts read, the kind of fluorescent dye fs Input through the input means 51 and when a radiation image recorded 
in the stimulable phosphor layer 41 formed on the stimulable phosphor sheet 42 is read, an instruction that the image 
earner is a stimulable phosphor sheet is Input through the input means 51. whereby the control unit 50 in the embodi- 
ment shown In Figure 5 automatically selects one of the laser stimulating ray sources 61, 62, 63 and one of the filters 
72a. 72b. 72c. 72d. the control unit 50 in the embodiment shown in Figure 7 automatically selects one of the laser stim- 
ulating ray sources 61. 62. 63, the first phrtomultiplier 84 or the second photomultiplier 85 and one of the filters 86a 
86b. 86c. 87a. 87b. and the control unit 50 in the embodiment shown in Figure 1 0 automatically selects one of the laser 
stimulating ray sources 61.62. 63. one of the first to fourth photomultipliers 105. 106. 107, 108 and the angle of rotation 
of the disk 1 1 2. However, the kinds of instruction signals tor causing the control unit 50 to effect such automatic selec- 
tion can be arbitrarily determined and it is not necessary to input the kinds of fluorescent dye or that the image carrier 
is a stimulable phosphor sheet. 

Moreover, the laser beam 3 emitted from the first laser stimulating ray source 61. the second laser stimulating ray 
source 62 or the third laser stimulating ray source 63 passes through the hole 81 a formed in the mirror 81 in the embod- 
iment shown in Figure 7 and passes through the coating portion 101a formed in the mirror 101 for transmitting a laser 
beam 3 in the embodiment shown in Figure 1 0. The laser beam 3 in both embodiments is converged by the convex lens 
82 onto the surface of the transfer support 32 or the stimulable phosphor layer 41 and fluorescent light released from 
the transfer support 32 or stimulated emission released from the stimulable phosphor layer 41 is reflected by the mirror 
81 or 101 in the direction opposite from the first laser stimulating ray source 61 . the second laser stimulating ray source 
62 and the third laser stimulating ray source 63 and photoelectrically detected. However, it is sufficient to form a portion 
for transmitting a laser beam 3 in the mirror 81 or 101 by providing a total reflection coating on the mirror 81 or 101 
except at a portion through which a laser beam 3 passes and the like but it is not necessary to form the hole in the mirror 
81 or the coating portion 101a for transmitting a laser beam 3 in the mirror 101 . 

Further, in the embodiments shown in Figures 5, 7 and 10, although the image reading apparatus includes the light 
modulator 4 and it is preferable to provide the light modulator 4 in the case where the laser stimulating ray sources have 
to be frequently switched, tor example, in the case where the transfer support 32 is scanned using different laser stim- 
ulating ray sources every scanning line. However, the light modulator 4 Is not absolutely necessary in the case where 
the laser stimulating ray sources do not have to be frequently switched, for example, in the case where the whole sur- 
face of the transfer support 32 is scanned using one of the first laser stimulating ray source 61 , the second laser stim- 
ulating ray source 62 and the third laser stimulating ray source 63 and then scanned using another laser stimulating ray 
source. 

Furthermore, in the embodiment shown in Figure 7. fluorescent light or stimulated emission is lead using the trian- 
gular prism 83 to the first photomuftiplier 84 and the second photomultiplier 85 and the control unit 50 inputs only one 
of the electrical signals produced by the first photomurtipfier 84 and the second photomultiplier 85 as image data. 
Instead of the triangular prism 83. however. H is possible to adopt a configuration provided with a rotataWe mirror which 
can be selectively positioned in a first position where it leads fluorescent light or stimulated emission to the first photo- 
murtipliar 84 and in a second position where it leads fluorescent light or stimulated emission to the second photomufti- 
plier 85, and wherein the control unit 50 rotates the mirror in accordance with the wavelength of fluorescent light or 
stimulated emission to be detected to locate ft in the first position or the second position, thereby leading the fluorescent 
light or the stimulated emission to the first photomultiplier 84 or the second photomultiplier 85 and that an electrical sig- 
nal produced by the first photomultiplier 84 or the second photomultiplier 85 is input as image data. This configuration 
is desirable because H enables the amount of detected fluorescent light or stimulated emission to be doubled. 

According to the present invention, it Is possible to provide an image reading apparatus which can be used for a 
radiation diagnosis system, an autoradiographic system, an electron microscope detecting system and a radiation dif- 
fraction image detecting system using a stimulable phosphor and a fluorescence detecting system and can read an 
image with high sensitivity. 



Claims 

55 i. 



An image reading apparatus comprising a first laser stimulating ray source tor emitting a laser beam having a wave- 
length of 633 nm or 635 nm. a second laser stimulating ray source for emitting a laser beam having a wavelength 
of 470 to 480 nm. laser beam scanning means for scanning the laser beam, at least on light detecting means tor 
photoelectrically detecting light released from an image carrier carrying an image, and at least one filter means dis- 
posed in front of the light detecting means and having a plurality of filters for transrritting light of different wave- 
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JZ3StirSf a ^ anCe ^ 1 wharain «"* Image carrier to be scanned with the laser 
S^2?Sl S,n ^ n8 ray 80urce * COns « u,od by a carrier carrying an image of fluorescent 

So^^^^,2^° f "* C0nt8ininfl 8 8fimulab,e phosphor recortino ™ <™0 e from the 

ESZESfi *52 "™l a " f autoradtographic image, a radiographic diffraction image and electron 

SSS^° ^ 81X1 *• imafle ^ to 1)6 «» beam emitted from the second 

laser simulating ray source is constituted by a carrier carrying an image of fluorescent substances, 

Su^Z ^S,?^!^ in a ! CC ' danCe *«h Claim 1 or 2 which further comprises a third laser stimulating ray 
source tor emitting a laser beam having a wavelength of 530 to 540 im. 

^ Cbim 3 wherein tne ^0° to be scanned whh the laser 
sSaSS emulating ray source is constituted by a carrier carrying an image of fluorescent 

" ~^ 9e ! < *? n9 < * pafatus in accordance with any one of Claims 1 to 4 which further comprises control means 
capable of se.ectively switching the plurality of laser stimulating ray sources and the plu^SSTtiS 

An linage reading apparatus in accordance wtth Claim 5 wherein the image reading apparatus further comprises 
control means capable of selectively switching the plurality of laser stimulating ray sources. ^ 

!^S e ^fr!^^ atU$ ^l" 9 8 6timu,atin9 ray ** ^^"9 a ^ beam having a wave- 

SSto bL IT " 6eCOnd l3Ser 6 ? mulatin9 ray Murce tof a te «* beam having wavelength of 

tZ£J^^ v <^£T,*TT 9 far 8 f anninfl the ,aser b«m. a plurality of fight detecting means for 
uT^^l^T^y^ re,ea86d fr0m 80 ,mase Carrier an «™0«. and fitter means disposed in 

b^JI^Stir 8 ^ a ff° rdance **" Claim ^ wherein the image carrier to be scanned with the laser 
beam en^ed from the f,rst laser stimulating ray source is constituted by a carrier carrying an image of fluorescent 

oro^^^r ^ TT" 6h8et C ° nteinln9 a 6fimulable P h06 P h0r an image selected from the 

« X^™^ ^T 96 * *" 0bj8Ct 8,1 autoradiographic in«ge. a radiographic diffraction image and 

t ^ ,ma96 8nd imaQe 10 66 with *• ,aser beam ^ from the secoS laser 

stimulating ray source .s constituted by a carrier carrying an image of fluorescent substances. 

stZE l e !S aP f arat ^ in accwdance Caim 7 or 8 which further comprises a third laser stimulating ray 
source for emitting a laser beam having a wavelength of 530 to 540 nm. 

b^m^^SS? ac f" JanCe Cteim 9 Wherein ima 8 e to be scanned wtth the laser 
bea^mmed from the third laser stimulating ray source is constituted by a carrier carrying an image of fluorescent 

1V ^J2f^!tS accmiance wit" any one of Claims 7 to 10 which further comprises control means 

capable of selectively switching the plurality of laser stimulating ray sources. 

12 * JT^tltS tfT 3 !" 8 T 3CCOrdance Ctelm 1 1 wherein the control means is constituted so as to be able 
to selectively swrtch the pluralrty of laser stimulating ray sources in accordance wtth kinds of the image carriers. 
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